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The third anniversary ie the entry of the United States of 


America into the great European war has passed. _ 

The first event of importance in the interests of the Alllies | 
| __ was the arrival of the Eighth Division, Destroyer Force, At- | 
| _lantic Fleet, in British waters on the morning of, May 4th, 
These vessels were ‘of the large American 
4 fleet which helped to bring victory land and sea... 
The flagship was U. S. S. Wadsworth, No. 60, in charge of 
Commander Joseph K. Taussig, who was, Senior, Officer...» : 

The other vessels in the. Division and their, commanding 

officers were as follows: i 


Commander Ward K. Wortman, U.S. Porter, 
0. 58, 


¢ Rufus Zogbaum, U. Ss. Dos, 
No. 65. 
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MERTING OF THE FLEETS. 


“Commander Alfred W. s. 
No. 59. 
Lieutenant Commander Arthur U. S. S. Me- 
Dougal, No. 54. 
Fred Poteet, U.S.) Si 
wright, No. 62. 

The Division was met off Queenstown, Ireland, by the 
British destroyer Mary Rdse, havitig on board Captain’ 
G. R. Evans, R. N., representing the Admiralty, and who, 
a few days prior to’the arrival ofthese destroyers, ‘had dis- 
tinguished himself when commanding H. M. S. Broke. — 

The picture representing the arrival, “ The Meeting of the 
Fleets,” was, made by Charles Pears, Esq.; a well-known Eng- 
lish artist, and this illustrates in a- striking manner .a. great 
historical event for the records of the Navy. — 

Cn arriving at Queenstown, the Lord Mayor of Cork and 
many of the leading citizens; welcomed Commander Taussig 
and his brother officers. 

On the conclusion 6f this ceremony ‘the officers visited Ad- 
miralty House and reported for duty to Vice-Admiral Sir 
Lewis Bayly, under Wwhose' command they carried out the 
various duties assigned to them’ for, ‘over one year and a half. 

A remarkable featuré in ‘Yegard to the arrival of these ves- 
sels was, that they were ready to proceed to sea immediately 
on completing the work of refilling the ‘oil fuel tanks. How- 
ever, four days were allowed for overhauling machinery, tak- 
ing on stores, ete., and then the six vessels proceeded to sea 
for the regular duty of Six “days out and two days of. rest 
between trips. 

These vessels represented thé latest practice of the destroyer 
builders’ products: three ‘of ‘them coming from the shipyard 
of Bath Iron Works, Ltd., Bath, Maine; two from ' The 
William Cramp & Sons Ship and’ Engine Building Company, 
Philadelphia, Pa., and one fom The Mew York Suurytnad 
Corporation, Camden, 
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THE MEETING OF THE FLEETS; 


‘They were capable of steaming 30 knots, all were driven 
by Parsons Turbines, operating twin screw propeller wheels. 
The propelic machinery of 7 adsworth consists of twin sets 
of geared turbitles, the gearing havirig the tinusual feature 
single helix, instead’ of the standard. and/left hand her- 
ring-bone type. The other, five have, the go-ahead turbines 
arranged in series, a high-pressure turbine driving the star- 
board shaft arid a low-pressure turbine’ driving the port shaft’. 
this arrangement of machinery'improves the economy of the 
propelling machinery 

It is.not too much to say that the Wadsworth has shown 
a higher economy of fuel consumption per knot run ‘than 
probably any other destroyer ever built, and the novel fea- 
ture of ‘the gearing’ has fully all ‘that ‘the 

dimensions of the vessels are almost 
Length on We'L,, qide nto 
Draught ony. W. Li, feety.933. 

Displacement, corresponding, ‘tons, 1 0%: ye 

The oil fuel tanks have a total capacity 6f 300 tons, ‘aid see 
machinery was designed to “give a cruising — of 2,500 
knots at 20 knots speed. 


“The Victory at. ‘Sea, by. ear. William Ss. Sims, 
U. $.N., from “ The Worlds’ Work,” November, 

Wadsworth, JOURNAL.OF, THE, AMERICAN Soctery 
OF Nava ENGINEERS, Volume,2?7, August, 

and Porter, U Wainwright, 
JournaL, or THE AMERICAN) SocrETy, OF, Naval, 
Volume, 28, May,. 1916.. take 

U. S. S. McDougal, Journat, OF, THE 
oF NAvAL ENGINEERS, Volume 26, August, 1914. 
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INVESTIGATION OF WATER-AIR RAD uAPOA FOR 
GENERATORS AND. 
Comes DEPARTMENT, Genera, Co. 


EH 


electrical units in land stations, by means of ducts, air washers, etc., is 
not as readily applicable to the cooling of electrical apparatus where ex- 
treme compactness is essential—as for instance in the propelling machin- 
ery of a ship. The use of the customarily large ventilation air ducts 
would tend to offset one of the great advantages of electric marine drive; 
viz., the enlargement of the cargo carrying space. The following article 
reviews an investigation made to overcome the difficulty by applying a 
closed system of air ventilation with water-air setitornia for, remand the 
heat from the circulating system.—Eprror. 


SPECIAL CONDITIONS OF VENTILATION. 


Under favorable conditions the common arrangement of 
ducts and air washers, which permits of a complete control 
of the ventilation for turbo-alternators and stations, is be- 
lieved to be best. ‘However, cases sometimes exist where it 
is very desirable to eliminate the numerous long air ducts of 
large cross-section. ‘This is especially apparent in the case of 
-electrically-driven vessels where lack of space ard other rea- 
sons make ducts objectionable. In order to meet stich special 
conditions, it is essential that a closed system be employed for 
the circulation of the ‘cooling air. ‘ 


re 


* Reprinted from “General Electric Review") 1980, with the. 
of that publication. 
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HEAT OF LOSSES MUST BE REMOVED FROM THE AIR. | 

_ For seagoing vessels, a closed system of ventilation is de- 
sirable. However, with such a system it becomes necessary 
to cool the circulating air through the same range of tempera- 
ture that it is raised i in passing through the generator ¢ or rakot 
it coals. 

The quantity of' air which passes through a firiitechanet 
is so related to the electrical and windage losses of the machine 
that the rise in temperature of the cooling air, or the range 
through which it must be cooled if used again, is approxi- 
mately 20 degrees C. Assuming: the standard temperature of 
the ingoing air to be 40 degrees C., as established by the 
Rules’ Committee of the A. I. E. E., the temperature of the 
‘air which leaves the generator is 60 degrees C., and 50 degrees 
C. is the mean of the ingoing and outgoing: air ot any <ernee 
device i in the Fentilating circuit. 


Tie 


COOLING METHODS. 


The apparatus used for the removal of heat from thé air 
will depend somewhat upon the character of the cooling water. _ 
Under most conditions, however, with a plentiful supply of 
fresh water, the air can readily be cooled by the use of the 
_ spray form of air washer now so generally employed for the 
cleaning and cooling of air. The cooling water in this case is 
discarded or, if necessary, recooled and used again. As the 
spray washet is an apparatus in which the air comes in con- 
tact with finely divided water particles, formed by ‘spray 
nozzles,’ the character of 'the ‘water will | determine 
‘an air washer would be applicable. 

On ocean vessels, water isthe only available heat con- 
veyor from the cooling device of a closed system of ventilation. 
It is quite doubtful whether it is safe to, have the cooling 
air pass continually through a spray of salt water, on, account 
of, the. liability. of, of salt into 
the windings, 
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cases two courses ’aré! open: either recirculate a 

relatively small quantity of fresh water through the air washer 
and cool. this. water outside of the washer through the inter- 
mediation of a cooler, or to, install. some form of radiator i in the 
ventilating air, circuit and use salt, water directly i in the radiator 
tubes. ‘This latter scheme was considered by one of the writers 
nearly, one, year ago as,a, feasible solution of a ventilating” 
problem where it was very difficult to provide external. ducts 
of,, sufficient, size, and. where an_air washer was impossible 
because of the character of the cooling water. . An investiga- 

tion , was started which led to;tests from which the results 
given inthis paper were obtained, 

» The function of the automobile. radiator i is to cool the cir- 
dabeditie water and to heat the air passing through the radiator 
core or, in. other. words, to transfer, heat from the water to the 
air. For the purpose under consideration, this, heat transfer 
process would be reversed since the heat is to be transferred 
from the cooling air of the generator to the water in the tubes. 


oF THE RADIATOR. | 


fields of service, where radiators. a are. given "eed 
usage, the fin-and-tube type seems. to. be. almost. universally 
used. , Clogging of irregular water channels by foreign, matter 
is the most common cause of trouble in radiators. Obviously, 
the round tube offers the least trouble from clogging and,. for 
given weight, is of the, ellie construction as a mpanctes 
of water, 
_ It was for these reasons that a 
ator was selected, and tests made to determine the.rate of 
heat transfer as.a function, of the rates of flow of awe and 


tests upon this small radiator waving one- 
quarter inch tubes confirmed 'the opinion that the scheme ‘was 
feasible; in fact, they indicated results better than’ weré éx- 


‘ 
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pected. The reduction in the diameter of fadiator ttibes ‘has 
a double effect in accelerating the. transmission of heat, since 
it not only reduces the travel of the water particles: between 
successive contacts with the tube wall, but also increases the 
area of contact “surface of a “unit weight of the water. AL 
though it is beneficial to use tubing of small diameter, for 
these reasons, it was nevertheless considered advisable to: use 
tubing of larger diameter than one-fourth inch’ in order to 
reduce the liability of clogging. This justified a, more exten- 
sive series of tests which were made ‘upon radiators having 
tubes of greater diameter and fins of different design. ‘These 
‘tests were made to determine the relative dimensions of radi- 
ators, the heat transfer as functions, of, the speed of the air’ 
and the water, the amount of cooling surface for a given 
duty;’and’the resistance of the’radiator to ‘the flow of the: air 
and the water. wh 
Since frontal area a witht a space 
would be limited, thus detetmining the minimum speed of the 
air through the core, it was realized that the practical’ appli+ 
cation of radiators for this purpose greatly depended upon 
whether the air could be forced 
of core without prohibitive pressure) 
Five large radiators, intended) for: ‘service and Gitted 
with special headers, were: obtained: through the courtesy of 
the G. & O. Manufacturing Co.;!of New:Haven, Conn, Fig..1 
shows one sections as in Table I. 


Hanks were ‘of No. 48° B. & copper. 

Shaped 4 15/16 by 3 by 23% inches. 

Core had six rows of 29 tubes, tubes.............0..eeceeeeeee 174 

Diameter of tube (outer), inchs 

Diameter of tube (inner), inch.. é 

Length of tube, inches. .... | 

Fins outside, 075 by 075 by 0.007 
0.165 
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Spacing of tubes front and back, bike 
External surface of tube per linear foot, square 
Surface of fins (total per linear foot of tubing), square inches. . 673 
Total cooling surface per linear foot of tubing, square inches. ...:° 80.85 
Free air section (between tubes and fins) of frontal area, square - 

feet 
Frontal area of core, square feet. apts 
Weight of core plus water per cubic feet, pounds. 


radiators were installed in an air tunnel in series with the 
air and water flow as indicated by Figs, 2 and 3. An end view 
of the entire testing equipment used is shown in Fig. 4. 


DESIGN OF G. & 0. RADIATOR. 


“The header tanks at each. end. of the core were specially 
designed for test purposes. 

A motor-driven blower of known ised! pressure, and 
volume characteristics delivered air 
to 


AIR, FLOW. 


The a air i flow oe the radiators was stink 4 from ¢ 0. 61 to 
1.9 pounds per second per ‘square foot of the frontal area of 
the core, which corresponds: toa range in velocity of 930 to 
2,880 feet per minute minimum air section 
of the core. 

The quantity or mass ibe was ded by means of a 
pitot tube and inclined manometer, also by the rise in tem- 
perature of the air and the electrical npg, as the air pangey 
through the grid, | bance 


Tests were made to determine the fan. pressures required to 
deliver air through the five-section radiator. Ordinarily a 
radiator for service could be so designed that the depth need 


TANK For TEst Purposes. For Dimensions SEE TABLE I. 


2 


Fic. 2.—Ong or THE RapiAtor SECTIONS IN THE AiR TUNNEL SURROUNDED 
BY BAFFLES. BAFFLES AT FRONT AND SipEs oF Section Not SEEN 
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Fic. 4—Enp View oF THE AiR TUNNEL AND DiscHarGcE Duct. 


Fic. 3.—Sipe View oF Air TUNNEL AND WATER PIPING OF THE RADIATORS. 
: 4 
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not exceed. that equal to three of the sections tested, also the 
frontal area could be such as to limit the air velocity through 
the radiator core to less than 2,000 feet per minute, ‘which 
would resistance in the air circuit po 2.5 
inches of water. 

If the speed of the fan and the resistance of the air circuit 
are fixed, the volume of the air and the air pressure: developed 
by the fan are also fixed. Moderate increases in the resistance 
of the fan circuit do not appreciably affect the pressure de- 
veloped by-the fan, as only part of the fan presstire is used 
in passing the air through this additional resistance. For 
moderate changes in resistance the volume of the air may be 
taken as proportional to the square root of the ratio of the 
. pressure available to pass a given quantity of air through 
the generator alone under the two conditions. For instance, 
consider a case where a certain machine has no external duct 
and the fan produces a pressure of 13 inches of water while 
passing 60,000 cubic feet of air per minute through the ma- 
chine. Assuming that an air duct and radiator are added in 
which the total head lost is three inches, then the quantity of 
air under the second condition is closely given by. 


Q= x 38700" 


Since long air ducts numerous or: in 
cross-section are eliminated by the, use of, the radiator and 
short ducts, it will be Possible in many cases to obtain the 
necessary quantity of air’ ‘without: ‘thé use’ of extertial: blowers. 

‘The ‘relation of air’ pressuré’ to air’ ‘velocity’ ‘through the 
radiator cores is indicated by Fig! 62 10 

Beyorid a certain air velocity the loss in air presstite 
to force the air trough radiator makes in 
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RESISTANCE FLOW IN RADIATOR 


9 


0 \500. 1000 1500 2000 2500 3000 
WELOGITV OF AIR /N RAQIATOR? CORE IN FT PER 


Fic, 5.—Impact Pressure In IncuEs of Water To Force Ai 
THE Raprators AS A FUNCTION. oF or THE AIR IN THE 
Free Am SEcTION oF THE 


‘Curve I sy Five Sections 1n Serirs. 
Curve II Regutrep sy Turee Sections in SERiEs. | 


(fort 


oF ‘THE ‘AIR. 


The Setaiieretures of the air, were. obtained over the sections 
of air flow at the front and back of the. heating grid and over 
each of the five sections of the radiator by means of. extensive 
temperature coils and numerous thermometers. These fur- 
nished: data for determining. the mean. 
air for the various sections of radiator. 
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"i flow of water through the five sections of the radiator 
in series was varied, from 8.25 to 40. 5 gallons per minute, 
corresponding toa range in ‘velocity: of 10.1 to 49.6 feet per 
minute in the tubes. Entering at the bottom of the last or 
fifth section of ‘the core, the water flowed upward in all of 

the 174 tubes of this section, then alternately downward and 
upward through the remaining sections, leaving the radiator 
from the top header tank of the first section. The air flowed ' 
through the cores of the five sections from front to back, thus 
moving through the core in the direction riuameare to the pro- 
gression of the water. 

In determining the curves ‘shown i in Fig. 6 it is seen that 


"400 000 1200 00 200 
VELOCITY THE FREE SCACE OF RADIAT 


Fic. 6.—RATE oF Hear ‘TRANSMISSION AS A oF can ‘SPEED or Arr 
THRoucH THE Fate Am SECTION OF THE RaDIAToR Core. 
Curve I. For AN APPROXIMATE OF Waren IN THE Tusinc 
‘70 10. PER Minute. 
Curve II. For 30 rr. rer Minute. 
Curve III. For40-rt. rer Minute, 
Curve IV. For per MINUTE. 


the observed points for the higher flows do not lie a as regularly 
on the curves as do those’ for the lowest flow. The curves 
were determined from the temperature rises of the water, 
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which were lower for the greater quantities of water and 
thus made a greater percentage error in the observed tempera- 
‘tures. Nevertheless, it is shown that for an increase in the 
water flow up to a certain rate there is obtained an increase in 
the heat transfer for a fixed difference of the mean tempera- 
tures of the air and water, after which little benefit is-secured 
by a further increase in the velocity of the water in the tubes. 

Temperatures were obtained’ in the water circuit on each 
, Side of each of the five sections of the core, which made known 
the relative utility of the sections throughout the depth as a 
function of the air speed through the core. The curves shown 
in Fig. 6 were estimated from data taken on the first three 
sections of the core, since it was realized that this would be - 
the approximate depth in the direction of air flow on most 
radiators. 

The five sections of radiators were connected by 1.25-inch 
water piping provided with relief: valves, pressure gauges, and 
U-tubes. Probably most of the drop in water head registered 
on four sections of the radiator was produced in the small con- 
nection piping. The curve shown in Fig. 7 obeys the “‘ square 
law” and indicates turbulency of flow. 
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Ontanren oN Four Sections OF THE CorE as A Fonction oF 
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ARRANGEMENT OF RADIATORS WITH GENERATOR, 


Ki igs, 8 and 9 indicate possible arrangements of ‘Pubiait 
between the sections of the stator — or ‘entirely outside 


ALTERNATOR AND A RapIATOR FOR CooLING THE AIR. 


Fic, THE VENTILATION “System ‘WITH A Turpo- 


of it with the necessary inlet and discharge ducts for the air. 
As indicated by these diagrams, the radiator would be divided 
into a number of ‘sections or units, thus: facilitating ‘handling 
or repairing: a section while the remainder of the radiator ‘was ~ 
in service. 
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_ Fig. 10,:indicates an; arrangement, of the tubes.in a flexible 
tube sheet, to which is secured the header, tanks, The flexible 
tube sheet has, been found most ‘satisfactory 1 to prevent, leaking 
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constructed -of the ae which will best. resist the corrosive 
action. 
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In:order to agree with,the, values. of .Table II,, the.width, 
height, and°*tumber' of layers of tubes must be found ‘by trial 
or . by solving through simultaneous equations ‘the 


Using the latter method: to toot sostane IstoT (at 
supe .sdint 1d Joot (it) 
Let y = height of core in feet. t to 


Let = number -of.ilayers of,\tubes!,from. to, bash T (ar) 
Equations for: wa 000 = 2 bre 

=219,15 feet. width, permitting tubes. tis io 

2212.75 layers, 


Anticipating: a. reduction. of capacity: due. to. clogging: .or 
higher temperatures ‘of ifgoing water, the radiator“may be 
constructed with the front divided ‘itito 14 Sections each having 
a width of 21 tubes, while!in depth the core may be made in 
two divisions each having a depth: of: nine tubes, ‘The frontal 
width, will, therefore, be 294 tubes and the, be 
eighteen tubes or 5,292 tubes totalin core! 

Substituting back through the above’ oon 


tations there will be be phows 


RADIATOR DESIGN ESTIMATED FROM INFORMATION, ‘SECURED. FROM TESTS. 


Temperature of air: into: ‘radiator, 
(4) Temperature of air out of radiator, degrees C.......... 

(5) Temperature of air mean, degrees C............0.00005 

(6) Temperature of air drop, degrees C................224, 

(7) Temperature of water into radiator, degrees C.......... 

(8) Temperature of water out of radiator, degrees C..:.. 


(9) Temperature of water mean, degrees C................. 26.5 


(10) Temperature rise of water, degrees C........... 3 
(11) Mean air minus mean water, degrees C.............000- 19.5 
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(12) Velocity of water in tubes, feet per minute...:./.../).005° 050 
(13) Velocity of air in free air area of core, 1,200 
Cooling Surfaces. 


(14) External surface of. tube | per 33.55 
(15) Surface of fins per linear foot of tube, square inches..... erg 
(16) Total surface per linear foot of tube, square inches....' 80.85 
(17) Total surface per linear foot of tube, square feet...... 5615 
(18) Total cooling surface per sq. ft. of frontal area in’ one” rd 
layer of tubes, square feet........ 


(19) Total cooling ‘surface required under conditions” ia): 
and (13) is from S 0.0614 = 600 kw..S = ft. 9,770 
Estimated Weights, Volumes, and Surfaces 
(20) Weight of air required per minute based upon (6) and 
(21) Volume of air from (20), cubic feet ie minute........ 57,500 
‘ (22) Free air area required from (20) and (13), square feet.. 47.8 
(23) Weight of sea water based upon (2) and (10), pounds 


(24) Number of tubes required to carry water based upon 

bore,of tube (0.083 sq. in.), also (12) and (23), tubes... 3,602. 
(25) Spacing. tubes 0.8125 in. apart or, per foot.. Sie Speake 14.75 

TABLE TIL * 
_ RADIATOR DESIGN FOR DIFFERENT CONDITIONS FROM THOSE OF TABLE Ih 

(2) Temperature of air ingoing, degrees 
(3). Temperature of air outgoing, degrees 
(4) Temperature of water ingoing, degrees 25 
(5) Temperature of water outgoing, degrees C............... 27 
(6) Quantity of water at 50 ft. per minute, pounds per mindh 9,800 
(9) Volume of core, cubic feet.................. 117.5 
(10) Weight of core empty, 4340 
(11) Weight. of core plus sea water, pounds..i...0..0....0.. 5,400.) 
(12): Velocity of air in core, feet per 


(13) Resistance to air flow in inches of water, inch........ Aste 11.0) 
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"PROPELLERS. FOR. 2 LOW-POWERED MERCHANT 


SHIPS. 
By M. RoBINson, U. Ss. MEMBER. 


The use of new forms of propulsion has brought up anew 
the question of propeller design for this type of ship. There 
are, at present, more different methods of propulsion advo- 
cated for this type of ship than for any other. There are the 
reciprocating steam engine, the Diesel engine, -geared tur- 
bines, and various forms of electric propulsion. The first of 
these methods of propulsion will require a very low-speed 
propeller; the Diesel engine wilf require a higher-speed pro- 
peller, and for the latter two methods the higher the speed of 
the propeller the more suitable it will be for the machinery. 

So many ships of this type have been built that. the pro- 
peller used has become almost standard; a large diameter, 
4-bladed propeller of, low revolutions has always been used. 
It has been customary to use the largest diameter of propeller 
that could be swung, on the assumption that this would be 
the most efficient.. While this assumption is generally true, 
and may be taken as always true if the R.P.M, are definitely 
fixed, it may very well be that the R.P.M: can be varied and 
in this case there will be conditions where a smaller. diamtter 
propeller of higher R.P.M. will have as good an efficiency as a 
larger diameter propeller of lower R.P.M. | 

This can best be illustrated by actually solving: for watibuis 
propels for a vessel of this type. Assume a tanker to have 

“slip block coefficient” of .8 and to require 1,500 effective 
teiuees at 11 knots speed. Assume that a maximum pro- 
peller diameter of 18 feet can be used, From Chart 22 B of. 


Dyson’s “ Screw Propellers” me Bind thatthe values : 
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1600: 1800? 1800: 1800: 1800 1600. 1600: 2600: 

7 (Sheet Be.22 for (Curve B) : 267: 

16043: 18,60: 24.67: 16.45: 26.50: 1497! 16.48: 18,50: 

2.401; 2.491, 2,491, 2.491, 2.491, 8.491, 8.601; 

8.28 : 2.006: 1.663: 1.812: 2.247: 1.064: 1,868: 2,887: 28.093: 

( ), (4 dledes) .2055: .8666: 2665: .8626: 
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10" (Sheet 21 for 2,904 2.297: 1,866: 2.906: 2,297: 1.064: 8.986: 2.297; 
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will lie between .35 and .55, so we will assume values of .35, 
.45, and .55 for this ratio and then solve for diameters of 18, 
17, 16, 15, 14, and 13 feet. Table No. 1 gives the complete 
solution for all these screws. _ 

The data given in Table No. 1 has ben plotted in eas 1, 


_ From. this Figure, the-points of equal S.H.P..(equal.effi- 


ciency ) for the various diameters can be found; these have 
been plotted i in the form of curves of equal S. HLP. in Figure 2. 

From these two Figures, it will be seen that the 18 feet 
diameter propeller is unsatisfactory, even for a reciprocating 
engine as the R. P.M. are too low. For this type of engine, 
a diameter of 17 feet, 16 feet, or 15 feet, would be: satisfactory 
and the same efficiency could be obtained ‘with any one of 
the-three, provided there.are-no-limitations on the 
for the 17 feet| diameter the R.P:M. would be 75, for the 
16 feet diameter the R. P.M. would be 82, and for the 15 feet 
diameter the R.P.M. would. be 895° the S.H.P. 
2,576 i in all three cases. 

_If a Diesel engine is to be used, higher RP. M. would:be 


desired and it will be necessary to make some sacrifice in 
efficiency, ifthe 2,575 curve “is taken as the standard, 


However, for any given R.P.M. within the limits of Figure'®, 
the smaller diameters will give the higher. efficiency. For 
example, suppose it is desired to have the Diesel engine make 
120 R.P.M. If a diameter of 13.4 feet is used, it will require 
2,765 S. HP; if-a diameter of 18.78 feet is used, it will 
| require 2,865 S. P. and will bea loss in 

or 8. 617 cent. | 
“Ifa r.electri¢ propulsion is 
used, the R.P. greater importance as it is 
desirable that the propeller speed be as high as possible without 
too great a loss in efficiency. ‘Suppose, for example, that in 
_ choosing the type of machinery to be used, it was decided that 


| a loss of propeller efficiency of between 6 and 7 per cent — 


q 
7 1 
q 
2 
4 
4 
} 
| 
i 
‘ 
q 
4 


4 
AREER 
lil 
P 
Tit 
ty 
tty 
4 
ty 
LUAMETER IN FEET 
“ 
a 
; 
‘ 
‘ 
* 


PROPELLERS FOR LOW-POWERED MERCHANT SHIPS. 241 


would be the maximum allowed for this type‘of machinery | 
as compared with a reciprocating engine, This would give 
2,765 S.H.P. as the horsepower required for propulsion. By 
referring to Figure 2, it will be seen that if we use a pro- 
peller 15. feet in diameter; the R.P.M. will be 100.7 and if 
_ we use a, propeller 13 feet in diameter, the R.P.M. will be 
125.5 or an increase of about 25 per cent. This difference 
is of the. greatest importance for either of these types of 
machinery. For example, if a geared turbine, running at 
-3,600 R.P.M., were used, it would give a reduction of 86:1 in 
one’case and 29:1 in the other case; if electric propulsion 
were used, in the case of an induction motor running from a 
50-cycle circuit, it would mean ‘a 60-pole motor in one case 
and a 48-pole motor in the other case and the difference in 
the diameters of the two motors might be sufficient‘to make 
it impossible to install a 60-pole motor while the 48-pole motor 
could readily be put in; also from the standpoint te the 
motor itself, the 48-pole motor is much better. , 

It must be understood that these conclusions in regard to | 
propellers are not general, but apply only to the specific case 
under discussion—that is, small power with large diameter 
propellers; in the case of large powers and high speeds, there 
are many other considerations that enter into the propeller 
problem and these make the above conclusions inapplicable. 
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BLECTRIC STEEL, AND 


ware EsPecrat, REFERENCE TO’ Castines 


‘By Commanper F. Cuzary, N., Memner. 


neering,’ London; etc, First hand information, was gained 

installation and -operation of the 6-ton Greaves 
Etchells furnace at the Navy Yard, Mare Island... 

am,especially indebted to Mr. A. Lynn, Expert Elec: 
trical Aid, Navy Yard, Mare Island, for assistance rendered, 
in preparing the description .of the -and in 


GENERAL, 


Making st steel i in the electric furnace be a 
new process, but the rapid expansion of this process, especially 
since the outbreak of hostilities ;in 1914, has) been unprece- 
dented. : 

In 1908, there was only one furnace in the United States 
producing electric steel—and this furnace produced only 55 
tons of electric steel during that year. In 1910, there were 
10 electric furnaces in operation. On January 1, 1918, the 
number of electric furnaces in the United States had increased 
to 233, with an estimated output for 1917 of not less than 
500,000 tons. Reports indicate that during 1918 and the 
first six months of 1919 at least 100 additional electric fur- 
maces have been erected and put in operation. 

The trade journals report that in the United Kingdom, at 
the end of 1918, there were in operation 117 electric steel 
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furnaces with a nominal monthly output of 31,256 tons. ‘The 
electric steel industry’ ‘firmly 

While the first: are’ ‘Sir 
William: Siemens in 1878; it was’ not until twenty years later 
that the first’ successful electrie‘furnace, from a commercial 
standpoint (the Stassano furnace)’ was placed ‘in operation. 
It is tnquestionable that the development of the electric 'fur- 
nace and the production of electric'steel were greatly retarded 
by the relatively high cost’ of electric: power.’ The truly°re- 
markable advances made in generating and distributing electric 
power in the last fifteen years, with its consequent reduction 
in cost, together with the superiority of the'electric furnace in - 
certain respects has ‘in in ane 
production of electric steel." 

While. electric’ furnaces are used in’ 
steel castings from steel scrap, they are still more extensively 
used in making special alloy steel; high speed and carbon tool 
steel, and for melting the “ ferroalloys” which are constitiients 
of the steels having special: chemical and physical properties. 

Before the outbreak of the war in 1914, the greater part of . 
the special alloy steels and the ferro’alloys used’ inthe United 
States was imported, The complete stopping of the supply of 
special steels and. ferro alloys from abroad compelled the steel 
makers in the United States to produce these materials, “While 
the production of the special steels was attended by many 


difficulties and frequent early failures, the steel makers con- — 3 


tinued their efforts until complete success was achieved. ‘The 
_ special steels now produced the United’ States have higher 
and more uniform physical characteristics than: the ‘steels for- 
merly imported from Germany, At present the greater part 
of the ferro alloys used in the United States are of domestic 
manufacture. The more important of these alloys are''ferro 
manganese, ferro silicon, ferro ‘tungsten, ': 
ferro ferro nickel, ferro. chrome, ‘ete. 
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The electric furnace is also used for producing low i 
phorous pig iron, but not to any large extent. ; 

Electric furnaces are especially adapted for the ptameéen: 
of special. alloy steels used in the construction: of. rifles, light 
and heavy artillery and other ordnance material, automobiles, 
airplanes, etc. The experience of the past: five years has 
shown conclusively that the electric furnace produces steel that 
is superior to open hearth steel and fully equal to crucible 
steel in quality. On account of the greatly increased cost of 
crucibles, due to the war, it is claimed that the electric steel 
process is more:economical than the crucible process.) 

One of the most noticeable features in the development of 
-the electric furnace is the increase in size of the units. While 
a few years ago the size of electric furnaces was limited to 
two or three tons capacity, furnaces of five and six: tons 
capacity are now common, and furnaces of ten, fifteen, twenty- 
ty-five, and even thirty, tons capacity are in use. 

Electric furnaces, whether used, for heat treatment or for 
melting and refining’ metals, may be divided into three general 
_ classes—induction resistance and are fute 

_ faces, 

While Tesistance: is ‘the cause the used in 
each class of electric furnace, the form of resistance varies in 
the different classes. 

_Insinduction -furnaces the is generated in the 
charge by means of induced currents, The induction furnace 
is seldom seen in steel plants but is in 
non-ferrous metals, 

In resistance furnaces, the heat is generated: either by on 
current passing through the metallic charge or through a 
resistance forming part of the furnace itself, The first type 
is known as the direct resistance type. The second type is 
known as the radiation type. The resistance furnace is used 
principally for heat treatment and annealing) ; itis 
for melting non-ferrous metals. 
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In arc furnaces, the heat is generated by, the current passing 
from one electrode to another sometimes passing through the 
charge'as well. The arc furnace is: used'almost exclusively in 


electrodes differ widely. 


There are two types arc arc 
and the arc resistance, or arc conduction type. “The Stassano 
furnace, which has been previously referred to: asthe first suc- 
cessful electric furnace from a commercial standpoint, was of 
the arc radiation type and melted the metal: almost entirely 
by radiation from the electric are.‘ The number of ‘furnaces 
of the arc resistance far are — 
tion type; 

ated ‘by the electric arc and by the passage of the electric 
current through the charge, the current» passing from one 
electrode to another either along the surface of the charge or 
through the charge. In melting steel, alternating current is 
used practically to the exclusion'of direct current as furnaces 
of the are resistance type installed’ for direct current have not 
been successful. The exact cause of this: failure of the direct 
current type is. not definitely known, but one theory advanced | 


is that the effort of the carbon is to flow from one electrode 


(the cathode), the pure iron remaining around the other elec- 
trode; and that this actiom is‘ strong enough to*throw the 
carbon out of solution in the bath: The current:may' be either 
one, two or three phase; three phase is generally used for the 
reason that a balance is more easily obtained. Inasmuch as 
the arc is a form of electric resistance, ‘the voltage ‘between 
electrodes depends upon the length of the arc; the usual differ- 
ence of potential between electrodes is about 100, but atrange- 
ments are provided to vary the ‘voltage between ‘small’ limits 
to provide for the changing conditions while melting, The 
voltage required for melting in the furnace ‘is 
by transformers from the transmission lines? 
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steel. is:made by: one two 
the cold metal inthe electric furnace where: it is :both 
melted and refined, or by melting the cold metal by the-open — 
hearth or. the Bessemer process and transferring the molten 
charge to the electric furnace where it is cntonit sie Some- 
times both methods; are combined. 
The method. of réfining from: a: is 
for, furnaces; of ‘ten tons capacity or greater—so far 
the cold'melt method has not been successful in large units. — 
The cold melt method: is especially adapted for furnaces of 
less than ten-ton capacity largely due to the much simpler 
equipment tequired much control of the 
For steel intended to. it is 
cially important that the furnace be so installed and equipped 
that it may. be operated with. the utmost simplicity and: con- 
venience, so that)the time lost: between heats for patching the 
lining and the pouring spout, recharging the furnace, adjust- 
ing or replacing electrodes, etc., may be reduced to a:‘minimum. 
Electric furnaces may be: either acid or basic, but in the 
United States the basic lined electric furnaces outnumber: the 
acid lined. While: it is.claimed that the acid furnace is sim- 
pler, cheaper.and faster to operate, the reason for the prefer- 
ence for the basic furnacé is ‘apparent enough; with the acid 
bottom, little or.no-sulphur or phosphorous can be removed 
from the charge, and if.a steel low in sulphur and phosphorous 
is desired, the charge must) be carefully selected with a conse- 
quent: high cost of, raw: material—with the basic bottom the 
sulphur and phosphorous. can! be eliminated down to-negligible 
quantities (not:to exceed ,015 per cent), by the use of a basic 
slag, permitting the use,of cheap raw material ; in addition, the 
percentage of carbon ican be readily increased or decreased 
as desired and the-alloys can: be added to the bath with: 
little loss, 
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et ivodiiw Is on ty 
While. steel is ‘perhaps. chemically purer, ‘steal 
produced by any, other process, it does not, necessarily, follow, 
that.electric, steel, has, superior, physical, characteristics, A. 
poor grade of, steel can be, and has been, produced: i in, the elec- 
tric furnace. It, has been proved, however, that, the electric 
furnace when properly designed and handled is capable, of pro- 
ducing steel that cannot be excelled, either in, chemical 
physical characteristics, and experience. has, shown, that when, 
made to the same. chemical. analysis; electric steel averages, 
about 15 per cent greater either in, tensile strength « or ductility 
(depending upon its heat treatment), Comparative. tests of 
open. hearth and, electric, steels show, the following physical 
characteristics : sirigt ik 


Open hearth 120 58,820 


series tests, was | of 
steel rails made from open hearth and from electric. steel. 
Test. pieces were taken from open hearth and. electric furnace 
steels that had practically the same physical characteristics, at , 
normal temperatures, These test pieces were subjected to tests 
at much lower temperatures. 40 F., ithe: — 
furnace steels showed. decidedly. better tests, 
position of the steel can be much more connie vieuindles than 
in any other process of making steel, and this.exact ‘control 
is of vital importance in the production of special alloy steels. 
This exact control also, insures, more certain, jresults’ 
treatment and the steel may is subjected to a ee degree 
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of heat without injury. Electric steel is also more resistant 
to shock, These excellent characteristics are due to the fact 
that the steel is made by the clean heat of the ‘electric are in 
the reducing (deoxidizing) atmosphere of a ‘closed furnace, 
and is thus protected from the contamination of fuel or gases. 
of combustion, resulting in the steel being more solid and 
more free from gases. When properly made, electric steel 
lies dead in the ladle and in the molds, and being lower in 
sulphur and more fluid it is much less liable to show shrinkage 
ctacks, pipes and blow holes. Another advantage is that the 
charge in the electric furnace requires less eXcess alloy to 
insure the proper amount in the finished steel. —o ! 

‘In open hearth furnaces, losses in manganese and chrome 
may run as high as 40 per cent of the contained elements as 
charged in the furnace. 

The claim has been made by some makers of electric steel 
that it is necessary to use only one-half as much ferro-man- 
ganese as would be required by the best open hearth practice. 
Another advantage claimed is that the alloy additions may be 
made in the furnace instead of in the ladle, thereby insur- 
ing thorough incorporation and a more homogeneous steel, 
although it must be pointed out that the adding of the alloys 
in the furnace has the disadvantage of requiring more of the 
alloy than if they are added in the ladle. Another’ advantage 
of the electric furnace is that it may be used in recovering 
alloy scrap (where such recovery is attempted in the: open 

hearth furnace a large part of the scrap is d in the 
slag). 


_ Another advantage of the electric furnace is its fexibitijy2 
one heat a day can be melted and the furnace allowed to cool 
with very’ little damage to the lining.’ Tf necessary five, six, 
or even seven, heats per day can be melted. 
The temperature in the electric furnace depends upon the 
electric energy put into it” This is easily’ regulated on the 
automatic: regulation ‘by the setting of the rheostats provided 
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with the furnaces, the amount of electric meh: “ne accu- 
rately registered by meter readings. 

{ As electric steel can be made very hot there i is very little 
‘loss from sculls) in the ladles, Whether the metal is hot 
enough to pour is determined by the very simple test of taking 
- a spoonful of metal from the furnace and pouring it out of the 
spoon. 

spherical spoon five in is the 
spoon being carefully slagged up over the bath. The spoonful 
of steel is taken from the center of the bath and carefully 
poured over the lip of the spoon at a slow even rate. The 
temperature of the steel is shown by its fluidity and by the 
amount of scull left in the spoon. If the entire spoonful pours 
freely the bath is at the proper temperature to insure perfect 
castings ‘of small section and practical absence of scull in the 
ladle. 

For the purpose ot comparison with the method of handling 
and the results obtained in the Greaves Etchells furnace at 
Mare Island, the following ‘description of handling a 6-ton 
Heroult electric furnace, copied from one OP the trade 
will be of interest. 
~ “The process may be divided into t two Legal 

(1) Melting and oxidizing. 

Recarburizing and reducing (deoxidizing). 

It appears paradoxical to remove carbon during one period 
and to add it at another, but this is necessary in order to oxi- 
dize the phosphorous. Furnaces for’ reducing phosphorous 
are lined with basic material, such as magnesite or dolomite. 
Limestone is charged into the furnace with the scrap.’ The 
rust on thé’ scrap furnishes the oxygen and sometimes ore or 
roll scale is charged’to augment this supply. “The slag formed 
oxidizes the phosphorous which then combines with the lime, 
forming calcium ‘phosphate. Carbon, silicon, manganese and 
sulphar are also to a or this 
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Boiler plate ...... 980 


analysis under black sag: iad 


. The oxidizing (black) is now poured. arid 
skimmed off, as. clean as. possible to prevent. re-phosphorizing 
and to permit adding carburizing materials, For this, pur- 
pose. carbon is added in the form of powdered coke, 
electrodes or other forms of pure carbon. _- 

The deoxidizing slag is now, formed by. additions of lime, 
coke and fluor spar (and for some analyses, ferro-silicon). 
The slag changes from black to white as the metallic oxides 
are reduced, by, these deoxidizing , additions and the, reduced 
metals return to the bath. A good finishing slag, is creamy 
white, Porous and viscous. _After. the. slag becomes, white, 
some time is necessary for, the of in 
the bath by the slag to take place. se 
The action, of desulphurization i in, ‘the is as 
follows :, After the bath has been. oxidized, as. previously de- 
scribed, the slag acts on. the metallic sulphides, eliminating 
them, by forming. calcium sulphide,. which, is taken up by, the 
slag. 'The white slag disintegrates, to.a powder when exposed 
to the atmosphere and has a pronounced odor of acetylene 
when wet. Further additions of recarburizing material are 
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added as needed to meet the analysis... The further. reactions 
are shown by the following: 


3:40 P.M. Recarburizing material 
Ground electrodes ........ 180 pounds. 
Fe erro manganese 


Analypia: 


,, To form white slag there was added: 
Powdered coke 
Fluor spar 
4:50 P. M. 


“Analysis: 


Ferro silicon 
Ferro manganese. 
6 per cenit carbon pounds 


The furnace is;now: rotated! forward 'to,an: inclined position 
and ‘the charge: into, the ladle, from,whieh,; in turn) it 
is poured: ‘into’! molds... SHE 


‘75 pourids. 
4 55 pounds. 
014° 
012 | 


252 ELECTRIC STEEL FURNACES AND ELECTRIC’ STEEL. 


P.M. Heat poured. 


Analysis: ; 
Ingot weight 94.0 per cent. 


Total current consumption for the heat, 4,700 kilowatt- 
hours or 710 kilowatt-hours per ton.” 


ELECTRODES. 


One of the most important items of cost of operation of the 
electric furnace is the cost of electrodes. Not only in the 
amount consumed per ton of steel in the ladle, but also in the 
cost of wastage incurred in renewing them. The amount con- 
sumed per ton of steel produced cannot be very greatly reduced. 
The cost of wastage can be very greatly cut down by careful 
handling. The electrodes used in electric furnaces are either 
amorphous carbon or graphite. While the electric conductivity 
per unit of cross section of graphite electrodes is three times 
that of amorphous carbon and their use would permit. of 
smaller holes in the roof, amorphous carbon is generally pre- 
ferred for two reasons. 

First, the relative cost—the present cost of graphite elec- 
trodes is 29.6. cents per pevnds of amorphous carbon, 8 cents 
ber pound. 

‘Second, the thermal conductivity ‘per unit of cross section 
of graphite is nearly six times‘ that of amorphous carbon, so 
that for the same current-carrying capacity the drainage of 
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heat from, the furnace. by, graphite ie by 
_ To obtain, the required total, electric conductivity the dame 
‘ter of ,amorphous. .carbon., electrodes, must. consequently... be 
greater. than. if, graphite, electrodes are used... This, although 
adding to the weight, is, of, value. because of the.,umbrella 
effect of the greater diameter protecting, a much greater area 
of the roof from: the, intense heat, radiated directly,.from,the 
_arc.., The number.-of,electrodes, required. depends upon. the 
number of phases.used whether or not. there are.electrical 
_connections through, the bottom. of the: furnace... With bottom 
electrical connecticns,.a single phase requires, one. electrode ; 
_ two-phase, two. electrodes, and. three-phase, two: or four, elec- 
trodes (except where bottom)connection middle. point). 
If no bottom connections are used and the current passes from 
one electrode to, another, .a, single phase requires, two, elec- 
trodes; four and — 
trodes. 


foe 


ELECTRODE: consu MPTION. 


“The electrode consumption has claimed by 
various authorities for types of electric furnaces with gallows 
arm type of electrode control: 
Snyder (single phase), 7 pounds per ton. in 
Heroult, Greaves-Etchells, Electro Metals (English), 13 
pounds per ton of steel in ladle. 
Furnaces having no gallows arm: 
Stobie (English), 6.5 pounds per ton of stock i in n ladle, 
“ELECTRIC FURNACE LININGS. 


The materials, sed for electric. furnace linings are 
magnesite, dolomite and silica...) 


In an acid furnace, is used for Hsing walls 
and roof. 
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basic furnace, the linitig'of/the hearth’ up'to ‘a point 
a little above the slag line is usually magniesite, although dolo- 
‘mite may be ‘used. A ‘dolomite linitig is’ léss''affected by ex- 
temperature’ ‘conditions ‘that ‘a ‘magnesite lining. The 
“walls ‘above the slag line may ‘be lined with magnesia, ‘silica 

’ or chromé brick depending upon working: conditions, although 
“silica brick is preferred, as it is cheaper ‘and’'stands up better 
‘under ‘the intense heat. ‘The magnesite brick being basic and 
‘the silica brick being acid, the usual practice’ is to put one’ or 
two layers of ‘chrome (neutral) brick between. The’ roof 
“ofa basic furnace is lined with silica‘ brick!’ silica bricks 
have a large coefficient of expansion and crack and chip easily, 
“that part of the lining tade of silicious material’ should be 
handled ‘with especial ‘cate.’ “Usually the pouring spout’ is 
“Jinedwith firebrick, as this ‘material is ‘not ‘Susceptible’ to 
changes of temperature as either magnesite or silica brick. 

ANetiial practice fas demonstrated that'a lining about 9 inches 
thick is the most economical. An 18-inch lining was found’ to 
last only 20 per cent longer than.a 9-inch lining. 

A roof 9 inches thick should last 70 heats or more, its life 
being’ largely dependent upon the skill and ‘care of the oper- 
ators, A spare roof should always be on hand, so that a 
roof may be replaced 


tsa 


The bottom may be maide by any one of ‘several 

Tit oné method paste is with heated tar 
and rammed into the bottom of the furnace with hot tampers. 
When starting the first heat, with such, a, bottom, the bottom 
must be covered with heavy pieces of scrap. The first heat 
will:take up carbon from the tar ‘in’ the’ bottom to stich an 


extent that it is advieatie,t to > cai it itito pigs, and use it up as 
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“A second method is to ‘ram int several ‘layers'of a mixture of 


‘dolomite and slag, burning in each ‘layer with the! arcs from 


the electrodes: This is accomplished ‘by laying: pieces of ‘elec- 


‘trodes on the bottom to provide'a path for the current from 


one electrode to another. This method makes an‘ excellent 
bottom, but the heat that burns inthe bottom is hard on’ the 


roof which softens’ and sometimes’ spalls, largely dependent 
upon the skill of the operator; ‘Another method is to line’ the 


bottom with ‘three ‘layets' of magnesite brick,’ filling: in’ the 
crevices and ‘covering’ ‘the: bricks ' with a half-inch’ layer: of 
powdered magnesite. this 4 is potted ~ a 
even ‘surface is obtained. © 

As the of a it 
was necessary to make several departures: from standard prac- 


in lining the roof, walls and bottom:) A: of the 


THE ROOF. 


A was of. plate to ‘the contour of 
the roof on which to build up the roof. This form is mounted 
on wheels so'that it may be pulled out under the crane when 
a new roof is to be put on the furnace, The spare. roof is kept 


on this form (Photo 1), The roof frame is placed on the 
form and the roof started, Building one-half of the roof up - 


to the top of the arch only will be described, the other half 
being a duplicate, Two 6-inch x 9-inch silica brick are cut 
to. fit the corners; the first course consisting of 28-9-inch 
straight silica, brick set_ on end is then. laid. As the first 


_ course is laid on, the side flange of, the toof frame, % inch of 


silica sand i is spread oyer the form to raise the other courses 


of brick up to the level of the first. course. Courses. two to 


ten consist of 9-inch straight silica. brick, 32. brick to the 
course, all joints being broken, the end bricks being | cut to 
suit, Course/eleven consists,of No. wedge brick. Course 


consists of 9-inch straight | brick, Course con- 
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sists of 27-9-inch straight brick, this being the first course 
abutting the; bricks encircling the electrode ports, which are 
outlined by a sheet metal form, The electrode ports are 
encircled with 83 Nos, and. 3 silica arch. brick, the outside 
diameter of these brick circles is 24-inches. Course fourteen 
consists of 25-9-inch straight brick. Courses fifteen to eighteen 
each consists of 20-9-inch straight brick. . Course nineteen 
consists of 27 wedge’brick. Courses twenty to twenty- 
three each consist of 32-9-inch straight brick, Course twenty- 
four consists of 27 No.1 wedge brick. . Course twenty-five 
consists of 27.No. 1. wedge. brick. This course is, the key 
course and is not laid until both sides.of the roof are -laid. 
All-brick must be properly lined up, using a straight edge as 
necessary. After all the bricks are laid a thin.coating. of 
_ silica cement is swept over the top’ of the roof. . The metal 
forms outlining the electrode ports.are now removed. The 
water-jacketed electrode cooling collars are placed over the 
electrode ports, the circle of brick around the ports being built 
up as necessary to Provide a fiat surtace for the cooling. 
collars, 


' ‘LINING THE BOTTOM, SIDE WALLS AND END WALLS. ‘(Print 1). 
Fire clay brick are cut to fit the bottom of the furnace at 
the ends directly under the two charging doors. The first 
brick is laid flat in the exact center and ten bricks are laid 
flat on each side of the center brick. Three more courses are 
laid flat on top of this first course, the joints of each course 
‘being broken. Seven hundred and sixty pounds of graphite 
and 50 gallons of glutrin are then thoroughly. mixed and 
warmed on a hot plate and when hot and rather stiff, rammed 
in on top of the copper plates. to a depth of two inches and 
} ‘extending to 2 inches beyond the copper plates on each side. 
‘Then amorphous carbon (broken to walnut size) and anhy- 
drous tar are mixed to a stiff consistency and rammed in on 
top of the graphite and glutrin mixture to a depth of 6 inches 
for a distance of 15 inches on each sidé of the center line and 
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from there this mixture tapers to about one inch in thickness 
at the edges of the graphite and glutrin mixture and is there 
benched off. After this mixture has become cool and hard, 
another wall of fire clay brick, three courses high, is laid on 
top of this mixture and inside of the first fire clay brick wall 
under the charging doors; the bricks are laid flat and break 
joint, these two courses make a wall of fire clay brick extend- 
_ ing 18 inches in from the shell. The ends under the charging 
doors are now. built up with magnesite brick on top of the fire 
clay brick to within % inch of the level of the charging door 
plate. The first course of magnesite brick has 16 brick, each 
succeeding course above having two brick less; the brick are 
laid flat and the joints broken. A chalk line is then run be- 
tween the centers of the charging doors; magnesite slabs %4 
inch thick are laid inside the fire clay bricks. Against these 
magnesite slabs are laid alternate metal kase and magnesite 
straight brick on end, one brick on the center line and six 
brick on each side of the center brick. These thirteen courses 
of the flat hearth extend between the fire clay side walls, there 
being 15 metal kase and 15 magnesite straight brick in each 
course. The 7th to the 23d course inclusive consist of alter- 
nate metal kase and magnesite No. 3 wedge brick. Care must 
be taken that no two metal kase brick are in contact, When 
the pouring door is reached, magnesite brick only is used as 
the molten steel must not come in contact with metal kase 
brick. The 14th to 17th courses are built up behind with 
fire brick, cut to fit the shell of the furnace, there’ being four 
courses with 20 brick to the course. Each course from 18 to 
23 is set out 1 inch from the next lower course, the inside | 
of the 23d course being 18 inches from the furnace shell. The 
end walls are then built out solid to the sides, the last four 
brick in the first three courses being fire clay brick, All brick 
in the 4th to the 9th courses are magnesite, there being 26. 
brick in each course and each course being two brick deep. 


The level of the charging door has been reached on the 9th 
course. 
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The 24th course of the side walls is a neutral line. of chrome 
brick and extends all around the furnace, tying into,the 10th 
and 11th courses of magnesite brick on the end; walls,, -Above 
this course of chrome brick all courses, to, the. roofline are 
composed of 9-inch silica brick. After the end walls are 
built out, steel rods (which must not be over .80'carbott) about 
22 inches’ long and 3/8 inch diatneter and about inches: 
apart, ate driven in between the metal kasé and magnesite brick 
until they project about'10 inches above the brick.’ The lower 
5 inches of the exposed ends of these rods are rammed up with 
the No. pe mixture below, the upper 5 inches with the No. a 
mixture. 

These mixtures are in'1 inch’ at a ‘time anid must 
finished before setting too hard’ as they will not mais or joint 


when cool. _The ramming. in takes about 15 hours. 
Siz OF 


5 parts magnesite. hae: Been od bins Hostoisd 
Use just enough tar in above thixtures to them 
bind well. x 
After all ‘brick ate laid, the bottom 
in, it is necessary to apply 48 hours of practically contintious 
heat to burn in the bottom. 
“The roof is placed in position, the electrodes see the 
bottom of the furnace covered with coke, the power turned On 
and the arcs struck between the electrodes: and the coke. 


9% ton: 

This 48 hours is divided follows: 

2 hours shut down. ,,, 
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Lhour shut down, benots 


The cycle i is then 

The shut down periods prevent, ‘overheating and permit the 
heat developed to soak in, thereby, preventing spalling, which 
is very apt to occur with such relatively poor heat conductors 
as furnace refractories. 

In applying this heat the side walls and especially the silica 
roof must be watched to see that they do not overheat and 
‘come down, If any sign of overheating develops, the power 
must be shut off and not applied again until the overheated 
roof has had a chance to cool sufficiently. a 

The first steel heat produced will absorb so “tues ‘carbon 
from the bottom that it is advisable to cast it into pigs and 
recharge it into the furnace in small Sere divided over 
several heats. - 

The refractory bottom with 
this furnace was known under the trade-name “ Magnite.” 
It was received at the Navy Yard, Mare Island, several months 
before it could be used, and, due to exposure to the air, it 
slacked and became worthless. This material was replaced by 
dead burnt magnesite, which is much superior to. “.Magnite” 
for the reason that it is not susceptible to air slacking... This 
material was purchased. from the White Rock Mines in Napa 
County, California, and is much, s superior to the Austrian 
spater magnesite previously used in. large quantities in the. 
United. States. It was under the. speci- 

Silica: (soluble); not over:6 per cent, 
Lime, not over 1 per cent. 

Iron and aluminum, 4 to 6 per cent, — 
Ignition loss, not over 1 per cent. 
Magnesia, not less than 87 


‘ 
5 hours heat. 
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cal analysis > 

Silica 5.4 per cent. 
Silica (insoluble), 3: 
‘Tron and aluminum oxide, 4.8 cent. 

Tgnition loss, trace. 
Magnesium’ oxide, 86. 3 per cent. 

This material cost $35.00 per | ton. 


THE, GREAVES-ETCHELLS FURNACE, 


“The Electric Steel Furnace in operation at “the: Navy Yard, 
Mare Island, is of the Greaves-Etchells type of six long tons: 
rated capacity, although eight tons can be melted and poured: 
by building up the pouring door. 

It was purchased under Washington N. P: O. ‘Contract 206, 
Series 1918, under the following oe 

“ One‘ 6-ton electric furnace. 

The furnace to have four vertical lebieedien, a Yuen 
hearth and inside dimensions—914 714 feet.’ The equip- 
ment to. include complete switch gear with main line breaker, 
step-down transformers for a three-phase line, automatic regu- 
lators, flexible leads and bus bars':from, furnace to ‘trans-' 
formers. Lay out to be in accordance! with: contractors’ blue 
prints. Tilting mechanism and motor to tilt furnace. Four 
electrode operating motors’ (two on rear and two on front, 
all conveniently located). 

The Government is to. furnish all foundations and platforms 
for apparatus and also transformer rootn;: The contractor 
is to furnish the services of an expert ‘engineer to, superintend 
erection of the, furnace complete and to. instruct the,.Govern- 
ment: operators in the operation of the: spr cast fon! a period 
of thirty (30) calendar days. Vi 

The Government is to’ furnish 2,300 volts, 60 
cycles, on tap. at the transformer room and. also 230 volts 

direct current for branch’circuits on tap ‘at transformer room. 
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The. Government is.also, to furnish sufficient water at. furnace 


for electrode water coolers, 
the above power characteristics... 


All to be to. 


The Government will provide, suitable, for 
the unloading and. delivering of the, furnace. to the, building 
in which it will be installed and also crane opnntes and 
operators for getting the furnace into position.” 

The above specifications included the following lafeigioest 


and supplies not listed in detail therein: Ammeters, ‘watt- 
meters, switchboards, cables and copper necessary for the dis- 


tance of 15 feet from the transformers, electric regulators, 


motors and switch gear. Also necessary material for the first 


roof.’ 


if 


Contract prices... 
Allowed contractors for 


“The of ‘this furnace is about 60 tons. 


In addition, sufficient material for two complete linings pit: 
5 per cent as per''the following list was ‘purchased under 


Bureau Contract No:'39,391, with the 


(a) 
(b) 


2250 
600 


j 


5,960.00. 


W. Star Silica “9” Straights $208.20. perM 

W, Star Silica 9” No.1 Wedge 20820 perM 
Star ‘Silica Large'9” Straights’ .3817'¢ach 

W. Star Silica Large 9” Wedge 296 each: 

Star Silica... 9” No.2Arch 208.20 per M 

W. Star Silica. 9” No.3Arch 20820 perM 
Star Silica 9” Straights per M 
Star Silica 9” No.2 Wedge 208.20 perM 

W. Star Silica 9” No, 1 Wedge... 208.20 perM!, 
Chrome 9" Straights. 901,00. 
“Magnesia 801.00 per M 
‘Magnesia 9” No. 3 Wedge per 
Magnesia Metalkase . 1334”) Straights reach 


| 
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4 (f) 74 
(9) 
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(i) 380 
Gj) 442 
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(0) 1180 Metalkase 9” No. each 

380 ~Metalkase Jambs 851 each 
(s) 4480. ‘Magnite in sacks, at .0625 
140.00 per long ton 


In installing: the furnace the features were ‘pro- 
vided, The. ladle pit. ‘was waterproofed so as to. keep it free 
from water or ‘excessive dampness, and was provided with a 
non-slip surface ‘cover which could be readily _ and quickly 
removed. The motor pit was provided with a ‘removable. 


cover. The ground around the furnace was laid with a brick 
floor 434 inches thick. 


SITE 


"The available. electric power and the price at’ which it can 
be obtained are considerations of great importance in contem- 

plating the installation and the size of an‘electric furnace. 

The capacity of the transformers required per ton of steel 
melted decreases as the furnace capacity increases, due to the 
fact that the radiation losses are greater in proportion in the 
smaller furnace. The K H. per" ton also decreases: as 
furnace capacity increases. | 75K 

In considering the: of the: etectric: to 
power house and to the cost of power, there are several im-' 
portant features to consider. 

First—As all power is now sold on a load factor* basis the 
more continuously the furnace can be operated, the smaller 
will be the proportion of the readiness, to serve charge to. the: 
energy charge, which means that the average cost. per K.W.H. 
will be less, Consequently, the size of the. furnace should: bear. 
such a relation to the tonnage, output desired. as, to insure. 
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practically continuous operation of the furnace. The load 
factor on a single furnace operating practically continuously 
is about 35 per cent—when operating two furnaces under 
similar conditions the load factor rises to 50 per cent, which 
compares favorably with other loads carried by the power 
plant. A furnace in continuous operation is kept hot and no 
electric energy is expended in heating a cold furnace—conse- 
quently the furnace efficiency will be higher, which makes the 
saving per K.W.H. all the more important, © 

Second—The furnace should be operated with the least 
possible loss of time between heats. During the time between 
heats the user loses a part of his demand time and increases 
the proportion of the readiness to serve charge. “The furnace 
.is also cooling very rapidly, and the electrodes are oxidizing 
more rapidly than when in active use. 

Third—The furnace should operate at the hibhiest prac- 
ticable power factor* which can be reached without undue 
disturbance of the power plant load. Operating at a high 
power factor reduces the electrode, transformer, line and gen- 
erator losses. . The power factor of well designed furnaces 
ranges from 85 per cent to 90 per cent, but it is necessary to 
have a large reactance of 10 per cent or 12 per cent in the 
system to choke the unavoidable fluctuations of current in the 
arc. Melting cold scrap makes ‘a very severe demand on the 
power equipment as it is subjected to sudden:momentary over-. 
loads of from 50 per cent to 75. per cent cage the nmaeipenil 
must be designed for such an overload. 


ELECTRIC CURRENT CONSUMPTION, 


‘the electric furnace cannot be regarded as a cheap melter, 
its value lying more in its capacity for refining. 

The current consumed per ton. of ‘steel produced by the 
electric furnace depends upon operating conditions such as 
kind of steel produced, degree of refining, capacity of furnace, 


* The power factor is the ratio of the actual watts to the apparent watts. 
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whether melting and refining from a cold charge or refining 
only from a molten charge, and upon the number of heats 
produced per day. The current consumption per ton is greater 
for small furnaces’ than it is for large furnaces,’ grade 
of scrap is used relatively high in sulphur and phosphorous, 
“more slag, made principally of lime, must be melted, increasing 
the current consumption.’ In a furnace melting and refining 
certain grades’ of plain carbon /steel and using one slag,’ the 
current consumption will vary from’ 500 to 650° K,W.H. and 
- may be as little as 450 K:W.H.: per net ton of steel produced. 
“Ina furnace’ producing’ tool or alloy steels from a cold charge 
and using two ‘slags the current consumption may vary from 
700 to 800 K.W.H. ‘per net ton of steel produced, ‘When 
refining from a molten charge, the current consumption is 
relatively low; in furnaces operating on what is known as the 
triplex system, the current’ consumption is as low as 110 
K.W.H. per ton. The power and time required to refine a 
molten charge is about ‘one-third that required to melt and 
refine a cold charge. Consequently, the electric furnace operat- 
ing on molten charges has’ three times the ‘capacity of the | 
same furnace operating on‘‘cold charges. The thermal effi- 
-ciency of the modern electric’ ‘furnace is about 65 per cent, so 
that a large decrease in the'K.W.H. per ton of steel produced 
cannot be looked for. Consequently any considerable im- 
provement in electric furnace efficiency will result from more 
reliable mechanical features and more durable refractories 


TRANSFORMERS, 


These are a most important part of the 
_and. should receive the. best possible care, All transformers 
for electric furnaces are, built to order for the particular ‘fur- 
nace. and. its electrical. equipment. Consequently, the break- 
down of a transformer, unless a spare is gn hand, sae shut 
down the furnace for sey; weeks if not months, ; 
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THE: ELECTRICAL, EQUIPMENT ‘OF THE 


with. the-six-ton Greaves-Eitchells electric furnace. A. 3-phase 
60-cycle alternating current system is, used for furnishing heat 
_to the furnace, while, a. 220-volt direct: current system is used 
for operating the auxiliaries. connected, with the furnace. 
Three-phase alternating current at 2,300 volts.is furnished 
from the Central Power Plant over a three-conductor, paper- 
insulated, lead-sheathed, 400,000 circular-mil cable to, the trans- 
formers in the substation at the rear of the-electric furnace. 
. There are two groups of, three transformers each in this 
_ substation (Photo.2)., Each group consists of one 150 K.V.A. 
and two 250 K.V.A. transformers, or.a total of 1,800 K.V.A. 
transformer capacity. , ach,transformer has three different 
sets of transformer ratios; the.150,K.V.A. transformers haye 
ratios of 2,300 to,25, to 22.5, and to, 20 volts, while the 250 
_K.V.A, transformers. have ratios,of.2,300 to 60, to 52.5, and 
to 45 volts. (Print.2),,,. These(ratios are effected by the addi- 
tion of extra turns on the primary windings of each trans- 
former, thus obviating the, necessity of making awkward 
structural combinations on the ‘massive, secondary windings 
and terminals, are, on each wind- 


tions, (Print 3). 
The primary windings of, are 


connected in delta (Print 4). Four 250,000 circular mil ° 


cables connect each transformer primary winding with the 
high-tension switches in a caged switch compartment on one 


“side 6f the transformer room A ‘latge’ multiple 


switch 3 in this compartment is used for making a simultaneous 
“change in ‘the connections of all transformers, when’ it’ is 
desired to change from “ The High” to “The Medium,” or 
to “The Low” voltage on’ the secondary terminals. “The 
handle of this multiple switch extends through the brick wall 
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“RELATIVE “VOLTAGES“FOR TRANSFORMER 

SECONDARY CIRCUITS 

| 
| MEDIUM 
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Showing Method of Vuring Ratio ‘of Transformat 
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separating the transformer room from’ the furnace room, 
where it is conveniently located within reach of the operators. 


~The use of a-multiple-switch- greatly simpli 
operating voltage to when required by fu 


The secondary. of, group of transformers ate 
connected in star (Print 4). Three %4-inch x 6-inch coppe 
bus bars connect each 250 K.V.A. transformer secondar 
_ winding to the neutral of the star connection, while a simila 
_ number of bus-bars are used for the connections going to ea 
- electrode. Four %-inch X 6-inch copper bus-bars connect ea 
A. transformer secondary winding to. the neutral 


=< 


' the star connection, while a similar number of bus bars go 


the ‘heavy copper plates buried deep inthe hearth of ‘the fur- 

perthit Of HE furnace is “nedessary 

E to/make a part, of/the’secondary tions” 

quently- for. each copper-bus-bat gue forsthe furnace co 

nections,” there“are’required two 600,000" circutar’ ‘mit-ext 

4 - flexible bare copper conductors, of a length g sufficient to permit 
the” furnace to be tilted, This makes a total ‘of 40 flexib! 

_coppereables from the furnace ta-the Th 


_are arranged in two groups of 20/cables each. Wooden insu- 
‘Jators are used to insulate the conductors from om anothef, 
' as well as to maintain a fixed conformation. 
: The voltages between | the free ends of the star-connected 
low-tension windings are not all-alike-on-account-of the ratio 
of transformation on the’. 150" KV.A. transformers being 
different from that prevailing on the 250 K.V.A. transformers. 
‘For “The High’’-secondary voltagearrangement of conne¢--_ 
3 tions, it is of interest to a the following. voltages for 
“no, oad (Pri t 4): + 
a) Between each of thie foie ‘and the hearth, ‘the 
difference of potential is 76 volts. 
(b) Between each of the two electrodes on the right side, 
the difference of potential is 104 volts. 
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(c) Between:each ofthe two on'the left side, the 
difference of potential is 104 -volts., 

Between the front right and rear left electrode, the 
difference of potential is:104 

.(é) Between:the rear right and the front left electrode, the 
differende: of potential is 104 volts. 

(f), Between the two; electrode, the ‘ol 


is 0 volts, and 


Between: the two: electrodes, the diference 


For “ The Medium’ the 
éiceticee of potential are 91 volts for 104 volts, and 66.2/3 
volts for 76 volts, above... For “ The Low’ secondary arrange- 
ment of voltages, the differences of potential are 78 volts, for 


104 volts, and:.57 2/3, volts for'76, volts, above, 


_ For any! system: to be balanced without the introduction of 
resistance other than the arcs, the number of arcs must be a 


multiple of the number of. phases, -(‘This. condition is’ ‘not 


necessary: in the Greaves-Etchells. furnace’. where: an added 
resistance is introduced in the conducting hearth itself. An 


examination of Print 4 will show that in this '8-phase furnace 


there are eight, paths, an arc, being, formed wherever there is — 
a difference of, potential between. electrodes or: elec- 
The, question, of the number, of should used 
in. an electric. furnace i is of interests: feta 
From a, purely mechanical 
the fewest jares is the simplest, but the minimum number of 
ares demanded by efficieney. is, governed from. the metallurgical 
standpoint. |, There must be enough heating zones iof as nearly 
as, possible the; same temperature to melt the charge : without 
the necessity, of. frequently pushing the -unmelted .metal! into 
the heating zones and.also.to;bring the metal. and the! slagito a 
high and uniform temperature. the, basic. furnace the: slag 
is, largely lime. andthe: greatert;the proportion of: lime: the 
greater the, melting point, of: the slag-+tit is only» possible to 
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‘have a fluid high basic slag witha high furnace temperature ; 
consequently the number of’ arcs ‘must ‘be’ ‘sufficient ‘to ensure 
a high uniform temperature throughout the furnace. In the 
Greaves-Etchells furnace the eight major:paths for the flow of 
‘current between the various electrodes and 'the:hearth, shown 
on Print 4 and tabulated on page 270, show the:complete: man- 
ner in which this particular arrangement’ of ‘electric circuits is 
employed for melting the metal. As the ohmic:resistance of a 
hotter*metal is always greater than a colder’ metal, the: pre- 
ponderance of current in any one of the major circuits will 


tend flow through ‘the colder regions, other’ conditions 


‘remaining the same. ‘This’ physical: phenomenon has the ten- 


dency ‘of equalizing ‘the température throughout the various . 


sections of the bath, This uniformity ‘of temperature also 
insurés'a uniformity of the! chemical and metallurgical proc- 
esses taking place and hence a 
properties of' the final product. 

Before describing the other electrical last with this 
installation, the difficulties usually encountered in the opera- 
tion of-an electric furnace, used for melting steel scrap and 
similar material, will be referred to. At the beginning ‘of a 
heat, ‘the charge is of'a very heterogeneous ‘character'and the 
flow of current through any’ one electrode of'a very decidedly 
erratic nature, so much so, that the other electrodes are also 
affected. ‘Asan electrode burns its' way through ‘scrap 
metal, many short-circuits of ‘varying degrees ‘of severity 
occur, the most severe occurring when a large’piece of metal ~ 
‘becomes dislodged from 'the'top’of the pile and rolls down and 
jambs in between the electrode and the walls of ‘the hole 
formed by it in the charge.’ As soon as the pools of ‘molten 


‘metal are formed at the'tips of the electrodes, the most violent 


of the surges become less frequent and soon cease altogether: 
‘It will be observed thatthe transformer ‘groups are’ inde- 
of one another, ‘except that! the primary’ systems are 
‘connected to a*common supply circuit and ‘that the secondary 
systems are connected tothe furnace and its' electrodes” Any 
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abnormal: condition which may arise in the secondary system 
will have; an effect upon the primary system. For instance, 
if the furnace is cold, the hearth is non-conducting, and while 
there will be a difference of potential between the hearth and 
any one electrode; there. will be no: current flowing, until, the, 
hearth attains a certain temperature. The result. will/be that 
two of the transformers will carry all the load, and the current. _ 
on. the ‘supply lines. will become! unbalanced. Inasmuch as 
there are two groups of transformers, the unbalancing) will not 
be «as excessive as it would be in case only one:group, was. 
uséd. The use of a delta system of: primary. connections. also: 
has the. effect of distributing the unbalance upon all three 
incoming supply: lines. In case of a short at any electrode 
when the hearth is cold and non-conducting, the surge of cur- 
rent is at its maximum. In.many systems the results are so 
disastrous that it becomes necessary to instal] choke coils in 
the primary circuits. This brings the: power-factor very low 
with all its consequent disadvantages. To meet this type of 
surge, the inventors of, this system adopted star-connected 
secondaries. It will be noted from Print 4 that the current has 
to traverse at least two sets of secondary windings of two — 
different phases whenever a surge occurs at any particular 
electrode, thus reducing the strain upon a single. transformer 
and tending to distribute the shock upon all three incoming 
feeders, The reactai.ce of the. transformers has been so se- 
lected that. the maximum current is about twice the full-load 
current of one of the 250 K.V.A, transformers, 

The hearth of this furnace is formed of basic material 
which is a conductor of the second class,'the resistance decreas-, 
ing as a function of the rise in temperature. When the fur- 
nace is operating, the surface of the hearth in contact with the 
bath is about 1800 degrees C: At,this temperature the resist- 
ance of the hearth at. the surface is very. small, but increasés 
rapidly toward the bottom of the lining... This condition has 
been.taken advantage of to provide for a. flow of current to 
and through the hearth. During ordinary operation the résist- 
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_ ancé of the hearth has a decided effect upon limiting the magni- 
~ tude of the currerit during an incipient surge at any: electrode. 
In this case, the effect of a surge does not affect the operation 
of the other electrodes ‘to the same extent as inthe case of a 
non-conductive hearth, principally because the surplus current. 
passes’ through ‘the hearth and: not of 
arcs arid electrodes, 

‘The’ combination of a double set ib each 
connected: in delta-star and interconnected ‘with a con- 
ductive hearth gives this particular system of furnace opera- 
tion an inherent regulation that is remarkable and avoids the 
use of main-line reactances, while at the same time the power 
factor is’ kept close to 90 per cent. Another advantage of 
this system is that the difficulties of using independent: motors 
for each electrode are reduced; each electrode being satisfac- 
torily operated by 280-volt motor. 

Each electrode motor may be operated by hand, or rb an 
automatic system’ connected to the contactor system of ‘the | 
motors: While requiring constant attention on the part of od 
operator, hand-motor control is essential when starting up, or 
in case of an accident, or in case of a anes risiawreraey ee the 
load, or of the current. 

The alternating current system of this hhivenes'4 is provided 
with a very complete switchboard equipment. The main 
switchboard (Photo 4-A) is provided with an indicating, an 
integrating, and a curve-drawing set of wattmeters. The 

current and potential transformers for these meters are placed 
‘ in the incoming 2,300-volt supply circuit, The board is also 
provided with four indicating ammeters' with a range of © 
0-8,000 ampéres for the four main electrode circuits. The 
- current transformers for these ammeters are located in the 
“main lines to each electrode and havea ratio of 1,600 to 1. 

The secondary current of these current transformers also 
passes through the main coil of the contact-making ammeter 
relay, hereafter described. An indicating volt meter with the 
usual plug switch is also provided for measuring the various 
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at ‘citeuit gotentials. difect current 
control buttons for-the- electromagnetic closing nd opening 
system of the au atic oil circuit-breakers are als located on 
this panel. ‘Telltale red-and} greerrlamps are for indi- 
cating whether the main cifewits are closed or not. Inverse 
Time Limit Relays with connections ‘to the's system 
of main transformers ate also installed on this panel board for 
automatically opening the ‘main circuit banaue in case of 
severe shorts of long duration. 

There are two! indep dent riultiple contactor’ Fiebntrol panel 
boards (Photo 4-B) for the” four) direct current electrode 
motors, These consist of a system of reversing contactors 
interlocked with a_ dynamic. brake contactor: with_all necessary 
resistances and wiring | for controlling: the operation of the 
electrode m Thi board. is- located_.in-the brick wall 
immediately to the rear of the furnace and within reach of 
the operators, w reas the main panel, A, is located to the left 
of the furnace and is Placed at an’ angle, so as to be viewed 
from the other p and-stations: */There are also placed on 
these D. C. motor panels four’ contatt-making 
(one for each 
automatic control of the several electrode motors. The sec- 
ondary current f a particular electrode current 
passes through ‘the 
tact-making lever of the device is ‘held up grace an upper 
contact by the. weight of a plunger i ‘in the solenoid, although 
partially relieved by means of an ad justable spring, When the 
current is zero ot very: small, this upper contact is such as to 
permit the control current*to’ ‘pass-through: the ‘contactors in. 
such a way as to drive the electrode. down.. When the current 
through the solenoid is of such a value as to permit the con- 
tact of the lever to-hover. between the upper and lower con- 
tacts, the auxiliary circuit of the contactors open and the 
motor immediately “to” rest/on’ account of the dynamic 
brake contactor ¢losing. When the current of the solenoid 
coil exceeds a the Contact is closed and the 
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the motor-reverses and 
The movable lever of this device 
0 for preventing a too rapid 
ach | ‘instrument is enclosed in 
a glass dustproof “case. the terminals of each solenoid’ 
winding of the contact making ammeter relays, there i is placed 
a variable shunt resistance.~ varying (this “résistance, the 
magnitude of the cuprent passirig through*each winding can 
be varied through a very wide‘range. “In this) manner the 
current through’ each electrode¢ari ‘also be. varied through a 
very wide range, "This system) of ‘control, devised by the 
General Electric Company; has" givett ecellent results, as may 
be noted from the load curves the sheet 
(Print 

A small separate panel (Photo 4-C) is | paelded for the 
four sets of push button electrode. motor controls, and the 
multiple switches for changing from the automatic motor . 
control to the hand motor control system. of operation. 

The tilting motor i is rated at 15 H.P, and tilts the furnace 
through a system. of gears, rotating. nuts and threaded rods. 
This motor is controlled by a reversing drum controller located 
to the right ‘and. slightly i in front of the. pouring spout, so that 
the operator has an view ae res and 
pouring operations. 

Each electrode motor and the tilting 1 motor 3 cirauits are pro- 
vided with safety or limit switches for preventing injury to 
the mechanical equipments of which they form a part. 

Especial attention has been paid to make the multiple 
switches and circuit breakers of the 2,300-volt lines safe. The 
entire switch gear has been placed in a large cage, the open- 

ing of the door of which automatically opens all switches 
therein. The alternating current circuit breakers are also 
provided with interlocking devices and self-opening switches 
in case there is a the of switch- 
ing operations, | 


reversing set of 
the electrode begins to rise. 
is provided with-an- 
operation of the contactors, 
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An lauxilidry relay has been: provided. for automatically 
opening the direct; current circuits’ in |case' the alternating: cur- 
rent! should; go off for any» reason; ithus preventing ‘the elec-. 
trodes from burrowing: into! the charge-or hearth and \break- 
ing electrode joints, At: first) there: was! considerable trouble 
with breakage of electrode; jaints, especially during the initial 
heating-up period when the electrode motots: were: being oper- 
ated by- means of the push-bitton: control: system): but: also 
when the automatic: control: was: operating. There were: occa- 
sions when the arc would go out and the electrode motor: would 
force the electrode: down into the charge ori hearth causing the 
breakage of:a joint..»'The loss: of time involved:in replacing: 
the broken electrodes was:so serious: that an»annunciator: sys- 
tem, consisting of lamps, warning’ bell; 4-drop'anntin- 
ciator was devised (Photo the 
principle:ithat -when an electrode ‘is pressing: heavily on its 


tip, the bottom of the electrode ‘carriage lifts from its track. - 


This movement is sufficient to open a circuit, lighting the lamps, 
ringing the (bell, and-dropping the ‘annuficiator of: the: par- 
ticular electrode affected; upon which is: imme- 


The principal catises ‘of interruption in the operation an 
electric furnace, with, consequent | loss, of Sk and i increase 
of cost, are as follows: 

Breakdown of generating or ack of 
stand by or duplicate equipment. In a small power plant the 


electric furnace with its widely fluctuating loads is usually the 
first service to be cut out by the power. any emer- 


gency arises. 
‘Breakdown of the furnace itself, 
Failure of water-cooled collars... properly designed 


and unless the. cooling water supply i is ample and reliable, the 
cooling collars a are apt 1 to. be the ¢ cause of constant. trouble and 
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delay,’ After considerable trouble-at Mare Island, due to 
this cause, the’ best’ installation was found to consist of steel 
collars with generous cooling spaces, a separate pipe and hose 
connections for each collar,'a visible indication that the water 
is being ‘supplied and’a duplicate source of water supply, so. 
that in case one source of water supply’ fails, a8 — source 
is immediately available: ti 

Electrodes slipping through’ this is-a’ question of 
ting them up correctly. 

Electrodes isa of pooped: of 
automatic electrode control and of: 
on the: part of the operating personnel, 

The best charge for the electric yn consists of sat 
scrap, averaging about 30 pounds, mixed with about 20 per 
cent of short heavy steel turnings and punchings. The hearth 
- should be covered’ with a layer of turnings or punchings about 
3 inches thick; then about 12 inches of the heavy ‘scrap and 
that covered with 2:or 3 inches of turnings. and punchings. 
The scrap should not be heaped up in the middle’of the fur- 
nace, As this is a basic furnace all foundry scrap should be 
tumbled or otherwise cleaned of the silica (acid) sand before 
charging in the furnace, otherwise’ the acid sand will attack 
the basic lining. Part of the lime. (slag), about. 75 pounds, 
should be charged with the metal. ren the. ‘furnace is 
charged to a level about 6 inches above the level of the charg- 
ing door sills, lower the electrodes and turn, on the current, 
using the intermediate voltage. | 

Proper handling of the electrodes ‘is one of the most im- 
portant features of ‘electric furnace operation. “When first 
starting the furnace, if the automatic electrode motor. control 
is used, the electrodes are apt to be forced down on the cold 
charge, canting them and breaking the electrode through the 
threaded connectors. For this” reason ‘the hand-motor control 
is used ‘when starting up the furnace. “The hand, control is 
used until the ammeters steady down to about 4,000 artipéres, 
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which will take about 30:minutes. ‘Then: switch in thei high 
voltage. (Im usualipractice,the low voltage is not used: at: any 
‘time unless. it-is; desired: to: hold back the heat). After:a‘ few 
minutes’ operation under:the high voltage, if the ammeters 


show: fairly: steady readings»and’ éverything is: satisfactory, 


shift over:to the automatic! control. The electrodes should be 
watched ‘carefully times. The switchboard: must: be 


.watched to see that both direct current and alternating current 


‘circuits ateioperating properly. If the direct current goes'off, 
the electrode motors stop: and the electrodes will remain sta- 
tionary, causing injury both to the furnace! and: to the: metal. 
In this case: the: clutches should be operated, throwing: the 
electrode motors out and the»hand: wheels in and: the elec- 
trodes operated: by the hand) wheels. . If the alternating! cur- 
rent goes off, the operator should shift from the: automatic 
to the hand motor control and: raise the electrodes so that a 
sudden. surge of current will not result: from the alternating 


‘current coming on again without warning.’ When the alternat- 


ing current) returns, shift to the automatic: control and: watch 
the electrodes until the furnace is again running» smoothly. 
‘When working up to the:first slag, carry about 4,500 .ampéres 
on each electrode., Owing to the fact) that ‘the heat of ‘the 
furnace: expands the chain electrode clamps’ and does; not 
expand. the, electrodes proportionately, «particular «attention 
must be paid to properly setting up the electrode clamp screws. 
If this is not done, the electrodes are to slip through the 
clamp. » this! takes: place, shift at once from» automatic’ to 
hand motor control !and switch off-the power, otherwise the 
electrode will burn a hole in the bottom of the furnace, The 
‘electrode clamp should then! be tightened up and: the electrode 
raised free of the bath’ before turning the power on,' other- 
wise the sudden surge of current may throw out the circuit 
breakers in the power house, causing further delay. If the 
end of an electrode breaks off in the furnace, every effort must 
be made to remove it at once. Not only will it delay the heat, 
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but it will run up the carbon ‘content ‘of: the bath; 
great trouble and delay in working it downagaim 
When the electrical load has become ‘fairly steady 
automatic electrode ‘control is operating; the maximum pos- 
sible electrical energy, within the-capacity of the transformers, | 
should be put into the furnace;:'The:steady eurrent per elec- 
trode should never exceed 5,500: ampére$ and should be: main- 
tained as! close as possible ‘to 4,500 ampéres: » As the metal 
melts it collects in the middle of) the ‘hearth and: forms a 
small bath: In about: thirty minutes from the time of turning 
on the current, electrodes will have burned: through ‘the 
mass of scrap so that a steady are = ie maintained between 
the electrode and the-liquid metal: 
The first slag consists mainly of: ‘= a 
Bin %5 pounds of pure burnt limestone is used for the first 
slag;'20 pounds of fluor spar are:added as the first:slag forms 
to thin it. Care should: be taken that: just) sufficient iron 
oxide is present either in the form of rust: on the scrap’ or by 
adding iron ore or) mill scale with: the: first: slag: to: effect ‘the 
complete combustion of the carbon as carbon monoxide gas. 
If the: scrap is clean and:free from rust, it maybe itaken as a 
general rule that for every 0.1 per cent of carbon inthe scrap, 
58 pounds of iron ore, or mill scale, will be necessary in the 
first: slag. Mare Island the steel! scrap averaged 0.34 
per cent ‘in carbon, and, whem the»scrap:was very ‘clean, 200 
pounds of hammer scale was added:to the charge. Usually the 
scrap was: ‘well rusted and no scale was) needed.) The amount 


of iron ore or: hammer: be used | ‘scrap: is 


ahotizals 


At the rate.of 0.1 per» of ‘scrap would 
contain twelve pounds.of carbon, ‘arid in order ‘to remove the 


‘carbon as sixteen of: be: required. 
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The usual which: is added 


rt 56, KAS 232 
sixteen pounds of oxygen 


Mill scale can usually be as to 
Hammer ‘scale’ is practically: the sate, except that it may not 
be as ptiré as mill scale.’ In a recent’ chemical analysis of the 
hammer ‘scale used’ in the’ electric’ furnace; it'‘was found to 
contain eighty-seven hundredths of one per cent of carbon in 
addition to excess’ OF iron’ ‘over what: in 

“An analysis of steel plate, 
as is used’ in’ the construction’ of vessels’ at Mare 
the carbon content to be 0.8'pet! cent.) 

The: — carbon: hye estimated as 
follows: STO OF Og 

to Ton of Carbon Extensions: 

Turnings’ — 60" 210.09 
Plate Serap and Punching. 10180 


On.a_ basis of fifty-eight pounds, of scale, 
cent) of carbon in, the charge, the, total amount .of scale .re- 
quired would, be, approximately two, hundred, pounds... 

In operating the furnace the. carbon; is.reduced,to between 
0.04 per cent and. 0. 06 per cent,at.the end of.the decarbonizing 
period and, this, is..the. values. on 
first preliminary Hine doste oft 

The, melting should, be. as, fast “When 
the charge..is completely, melted,) the heating, should, be, con- 
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tinued at the maximum ‘voltage ‘for about twenty: minutes to. 
insure that the metal will be hot enough not to freeze up’ while 
slagging off. The melter must use his.own judgment at this 
stage as to what additions he ‘makes ‘to the slag, because in 
order to. get the-best; results. it. will be, necessary: to have ‘the 
slag so that it is fluid enough, to run off, ‘the steel. by, itself 
when, the, furnace is tilted, but, the. slag must,not be, too: fluid 
as it would, cut a. deep. groove all around, the, lining, of, the 
furnace;.., The bath should, now. be searched: with, a rabble to 
be certain that; there are ne; on. 
bottom.. fire 

A. carbon of. bath j is now 
some of the molten metal into an open steel mold. about 
2 inches 4,inches 1¥ inches, resting on a chill (Photo 
6). This test piece is broken across and, the approximate 
carbon judged from, the grain of the fracture:, Ifthe carbon 
is under, .25 per cent, the content can be judged within’ one 
or two points by the fracture and no more exact analysis is 
necessary for steel.castings. If above .25 per cent, as in pro-| 
ducing high carbon or. alloy steel, there is greater chance of 
error and, a check analysis should be obtained by sending 
drillings from the sample to the laboratory, where the. carbon 
and manganese determinations can be obtained within 20 
minutes from the pouring of the sample... After receiving this 
verification of the analysis, the melter is in a position to make 
the additions to obtain the desited carbon and manganese and 
other contents. 

\ After the sample is taken from the bath and while waiting 
for the analysis from the laboratory, the furnace is' shut down, 
tilted forward ‘and the first’ slag; which ¢ontains part of’ the 
sulphur and a large percentage of ‘the phosphorous of the 
original charge, run off into the pit, hauling the slag through 
the pouring door by rabbles, if necessary, ‘care being’ used’ not 
to draw off any of the steel with the slag.’ The’ first slag 
should be‘ removed 'as' quickly ‘anid as completely as possible. 
If any of ‘the: first’ nial is left’ on’ the steél; the sulphur and 
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phosphorous: that it has taken! sp:will té-enter.the, bath and 
appear ini'the castings, | /It-is not difficult) to! remove. the ‘first 
slag when high carbon steel: is: being made, ‘but the low:carbon 
steels set at such,relatively high temperatures that ‘unless the 
first slag; is removed’ quickly.and.the; second’ slag» formed: at 
once, the metal freezes and:considerable time) will: be: required 
to bring) it. back:.to., thé correct temperaturel: When all ithe 
slag has been removed and the: metal: is:iclean; the:furnace: is 
rolled back to the level position, » If the: carbomcontent|is: very 
low, carbon in the. form of ground charcoal, coke, :anthracite 
coal; or, electrodes or pig thrown into the bathcand:a 
part.of the ferro-manganese added; causing: the: metal to boil, 
increasing the carbon content by taking up the:carbon material; 
While the; steel. is. bare is the|timé to. add the carbon if the 
finished steel: is relatively in:carbon.: 1f, however; 
steel.is| desiréd, of .only ten to twenty) points, itis better ‘to 
carbonize, at a later stage while working up ‘the! second slag. 
In this|case, pig iron’ should: be used, as it is almost! impossible 
to get accurate carbonization: with: powdered | ‘the 
difficulty, of working it throughthe! second slag. » ara! 

It should be the,aim of! the openator, to have the 
tent right when the charge is melted down; but it is preferable 
to: have: the carbon too,low, rather:than:too high, :as it istmuch 
more difficult to, reduce; the: carbon: tham itis: tor increase) it: 
The carbon is reduced by, the: addition, of hematite: ore or 
preferably, mill ot hammer; scale which oxidizes thei ¢arbon; 
causing the metal to:boil:; This:is:a-long and tedious process 
which can be somewhat expedited by:thrusting:a water-soaked 
wooden; Pole: ofa sapling the bath the 

The. is now; re on the) 
with about,4,000,ampéres on.each-electrode. »‘The secorid slag 
is. then, introduced, consisting ‘of: about 225. pounds’ of) lime 
(CaQ), and: 20. pounds, fluor spar: >:(Special eare:should be 
used in, purchasing a high-grade of lime for:this: purpose:' It 
should. be well: burned; the CaO should be:as high as-possible 
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and as free as possible from:Mg@;:' The analysis: of the) lime 
used at! Mare Island'is CaO99:88; MgO :12;) >The lime:is 
added two. or three shovelsful at a time while ‘working ‘up to 
the second ‘slag; the special additions are ‘added to the-bath 
after the second slag has been completely formed and: a 
few minutes before the metal is ready to‘pour. 

second slagi takes:up more’ a: 

Finely powdered anthracite or: ‘should be 
thrown on the surface of the ‘slag, a ‘shovelful ‘at atime, “A 
reaction occurs between this carbon and the iton oxide in the 
slag by which carbon monoxide is’set: free: and the iron’ is 
precipitated from the slag into the bath: ‘When all the oxides 
have been thrown ott of the slag the excess’ carbon’ will tend 
to create with the lime, under! the influence of! the ares, 'a 
certain proportion: of CaC which has a great affinity for 
dissolved oxygen or other oceluded' gases in the ‘steel. 

_ The carbon monoxide escapes at! the doorways of the’ fur- 
nace and around the €lectrodes and burns with a'stioky yellow 
flame. The slag should: be! ‘kept at’ ithe proper consistency. 
If the slag) is! too fluid, limeshould' be ‘added, too’ stiff a 
During' the first stage, while the metal’ is melting ‘and 
under: the:influence ofthe first’slag, the Operation 'is' de-phos- 
phorizing and usually decarbonizing;' The! carbon will’ oxidize 
away first, then the rhanganése’ and ‘the’! phosphorous, ‘The 
phosphorous will not-be‘eliminatéd from! the metal until-a’ part 
| During the: sécond stage, while the second: slag’ is being 
worked up, the operation is carbonizing and desulphurizing 
and \also, reducing deoxidizing};» (During the? first ‘patt' of 
this stage, while being deoxidized, -the metal’ becdities’ pure 
iron containing only very ‘small percentages ‘of 6ther éléments. 
The sulphur is orily removed when the conditions aré'strongly 
reducing:: Intoithis pure deoxidized desulphurized 
it is-possiblé. to make \ddditions: with’ mathematical accuracy 
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so as to obtain’stee! with any percentage of sperial elements 
desired. 

The furnace is worked at the intermediate voltage and at 
about 4,000 ampéres on each électrode until the slag has be- 
come calcium carbide: At this stage, if all necessary additions 
have been made, part of the resistance is cut out on the elec- 
trode circuits until the’ ammeters show 5,000 ampéres. 
This amperage is held’ the’ bath paring 
temperature. 

The pouring temperature is by a small 
spoonful of the metal from the bath from time to time and 
slowly pouring it out. When the entire 
the metal is hot enough. oe 

About five minutes before hi nt is ready to pour, 30 


pounds (one-half) of the ferro-silicon are added to the bath— 


the other 30 pounds are placed in’ the ladle just before tap- 
ping. The silicon is used to ‘kill the metal ' so Chat it wat oe 
quiet in the ladle’ and. in the molds. 

The ladle is placed in position, the power turned off, elec- 
trodes’ raised, the pouring door’ opened, the furnace tilted 
and the metal run into the ladle followed by the slag which 
stalling’ over.’ 
metal) aré aed to the ladle when about 6 inches’ of metal 
has been poured. ‘The aluminum is used’ as a dedxidizer. It 
takes up any Oxides that may be formed in the molds and 


passes off as oxide, thereby gas in 


The sample of steel for final analysis is. taken’ fro the 
ladle a short time’ before the slag’cdtries out! 
The furnace is now run back, the ladle’ rettioved' from’ the 
pit, the furnace again ‘tun’ forward’and ‘all slag‘ remaining in 
the furnace! pushed out through 'the'pouririg door into ‘the 
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are first thrown into. the, furnace to take up the, slag before it 
is pushed out of the furnace. 

. The charging doors are opened and the. electrodes run n. well 
up. The. electrodes, bottom,, walls, and roof. are examined, 
If there are any depressions, in the bottom they are filled with . 
a shovelful or two of a mixture of 80. per cent. dead burned 
magnesite and 20 per cent. of fine Steel turnings and borings. 
The furnace i is recharged, the electrodes, run: down, to, within 
one-half inch of the charge, and the doors closed and sealed. 
_ If the new charge is to be melted at once, the electrodes are 
‘changed if necessary. The weight of each new electrode put’ 
in use is entered on the record; the parts of the old electrode 
removed are carefully weighed so that.an accurate record of 
electrode consumption may be kept. If the new charge is not 
to be melted at once, the water. for the cooling collars is 
adjusted and the valve locked (to insure that the cooling water 
is not accidentally shut off), the switch thrown out in the 
transformer room and the transformer room locked so that 
no one may tamper with the electric installation. : 

As soon as the steel is in the ladle, the power house should 
be notified immediately so that the aitenating current may be 
cut out. 

The melter then the report giving. in 
the weight and material.of the charge, the weight of, the addi- 
tions, electrodes replaced, time of different steps, and every- 
‘thing that occurs during the operation of the furnace... 

copy of this is shown on the folder. 
Notes: 

75 pounds of and 30 of ground electrodes a are 
charged with the scrap, . 

20 pounds of fluor are added. as ist begins, to 
form to.thin the slag, 

_ Analysis under first 06.. 

After first slag is removed, added 300 stand pig iron, 18 


pounds ferro-manganese and 225 pounds. of. lime (2\or 3 4 


shovelsful at a time while working ad the second slag). ne _ 


Fe. Cr. 


Grade C. No.6 
Metallic Charge wt. 
Te 
Tappe: 
Began 
Chargi: 
Current 
On 
Second 
3 KWH ton of 


More Island. Navy Yard. 
Date, August 6, 1919. 
No.of Heats On Roof 2 On Lining 78 Bottom 78 


wt. | Time |Non.Met.Char: 
5 t _Mn. |_ Si. | 
Required 25 40 20 


415 


Coke 


8. Heat No. 78. 
rge 
| Pp. | s. 
300 Ground Elect, | Preliminary Test 
No, | Time | Time | | Mn. 
yeration | | min. | Rliectrode No: 2. 0. 
DO O. K. : 
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20'potinds ‘of fluor spar working’ ‘tp the’ sédond 


sla 
ferro-silicon added in’ 5 
30 pounds of ferro-silicon'in ladle before’ ‘tapping. 
potinds Of fadle'after inches of 
rhétal’ has ‘been ‘poured. rot oldsrstetg olbpt monod 


difference between open hearth furnace and 
— ‘electtic steel that ‘is Frequently lost sight of. 
hearth furnace has its tap hi le below ‘the slag. line, so 
that wher tappe ‘clean metal only runs into the ladle until the 
end of' the a when the slag’ ‘ellos, acting as a. blanket to 
the steel ‘underneath ceeping it hot and ‘preventing sculls. 
Electric furnaces are provided with a tapping spout over which 
the metal and the slag pour togethet unless prevented by some 
modification of, the, furnace |, One. method, recom- 
mended jis to, brick up the pouring door, leaving a sleeve brick 
for the metal to flow through... This sleeve, brick is. filled with aA 
dolomite or similar, material, When. the furnace, tilted, the | 


pressure. of the metal dislodges the.dolomite; stopper, and clean 
“metal only. i is, tapped, into, the Jadle,, Operation.at Mare Island 
shows that if the slag is of the,proper, consistency and. not it] 
too viscous, the slag. will rise to the top; of the ‘widen 
difficulty, leaving only, the clean, metal underneath..., 
Another Tecommendation, conducive, to, clean, is, to | 
the ladle with clean brick,;rather than: with. ganister’ or, brick 
with a. fire, clay, wash. In. Mare, Island, very. satis: 


fire, brick. and, then. coating it, with, a stiff, gportas ‘made. of 
ground fire, brick; and. silica sand... This. coating shows, no; dis- 
position. to flake off, and go:into, the molds, with the steel, and ial 
is very, effective i in. protecting ; the fire brick, lining, Holding 
the steel in the ladle to allow, the. gas and. other impurities’ to 
rise: to, the surface, is, also, of value, although; care, must, be 
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taken that the. steel is not held in the ladle long enough to 
become too cold to pour easily. 

_All precautions, of. this; nature only assist and are, useless 
unless the steel has been deoxidized in a fartingy so that it is 
not wild when poured into the ladle. : " 

Both lip pour ladles and bottom paur ladles are used. The 
bottom pour ladle is preferable for two reasons:.one, to pre- 
vent slag from entering the molds; the other, to prevent the 
rapid cooling of the metal by pouring over the lip of the ladle. 
For these reasons the bottom pour ladle. is generally used 
unless pouring very light castings. 
casting ingots, electric steel, “because of. its density 
should be cast in molds with ‘refractory. hot tops to prevent 
any of pipes in the of the ingot 


"CARE OF FURNACE LININGS.. 


The furnace should be so operated ‘that td tina may be 
kept at as uniform a temperature as possible, care being taken 
to avoid extreme cooling and extreme heating. As the lining 
materials have a comparatively largé’coefficient of expansion 
and contraction, ifthe furnace has been cold for several days 
it should be heated up slowly until the tenipenittine is some- 
where near the operating range. 

Care should be ‘taken to keep’ acid material such as sad 
and ganister from ‘coming in ‘¢ontact’ with the basic lining. 
After a heat has been poured, care should be taken to run off 
all remaining slag. ‘If any considerable quantity of slag is 
ieft in the furnace, it will coat over the hearth, then when the 
new charge becomes melted the heat of the molten metal will 
cause the old slag to attack the lining and if permitted’ to 
continue for several heats it will eat a deep hole in the lining. ' 

In a basic furnace any slag left’in the furnace should “be 
_ sponged up by throwing in a few shovels of granular burnt 

dolomite or dead ‘burnt maghesite’as.soon as the furnace is 
empty and rabblinig it ih with the soft slag or liquid steel. The 
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slag;: ‘steel, and, magnesite 
out of the pouting-door. 18 

The basic;'part of: the :lining: should: be: repaired - with the 
ociginal material (dolomite or magnesite). Any holes should 
be ‘filled; up»to: the; normal curvature.of the:furnace hearth. 
Any: ‘holes: in thé! lining: in suchica position thatthe granular 
material would roll out should be: filled: with a mixture of mag- 
nesite and tar; put on! with a long-handled shovel or:aspecial 
pasting tool. The: silica brick walls above the: slag. line! and 
the silica-reof should! be repaired: with’ a stiff mortar of two- 
thirds ground .silica, brick, and: one-third. fite clay.:: Any: steel 
that -has burrowed. |into- the’ lining, must: be ‘dugout; this) is 
especially points as: ithe and 
doors, where steel is apt to lodge::.; 

The average life of a roofiis: 100. 
or about-400, working hours; The: ifirst! roof! ustially lasts a 
less number heats, because subjected: to: the heat of 
burning in the bottom and wear)and ‘tear of changing! -elec- 
trodes, etc. due to inexperienced 
‘the life.of the first.roof was 76 

» The life of ithe iroof can be considerably 

venting fine.dusty:lime from coming in contact with itand also 
by keeping the top free from dust: ‘The dust:should:be blown 
off the roof daily. When changing: electrodes or doing: any 
work oyer, the roof, always, put! wooden, planks::om ‘the roof 

and stand on them. In making, electrode. joirits, tise! plenty 
of joint compatind onthe connectors ~ them 

the: futtnacd stiould: be gone over at 
ti once each week, tightening up ‘bolts, bus: bar clamps; ‘elec: 
trode holders, etc. All o cups should be kept aes and in 
working order. 

_ All electrical parts.of the, furnace installation, should ibe kept 
especially from metallic pieces or 

to prevent short circuits. All motors should’ be kept in excel- 

lent operating condition. If any.of:,the::electrode’ motors 
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become irioperative, usé: the *méchanical method of \operating 
that electrode. Fully competent electricians only should! make 
any the automatic regulators, relays, 
not: ropérablt the s*furnace above': its!! rated!) electrical 
capacity; »ThesKi. 1,300.0: The current taken 
by: each electrode: shouldbe abouts 4;500ampétes' and ‘should 
not-exceed' 5}500/ampéres for'any length of times) 
‘The: discdnnecting switches top and rear-of 
the switch \gear should \never»beopened while the ‘current: is 
onthe furnaces installed only: give positive 
indicatiomithat:the:line is: chear'ifvit! should becottie' necessary 
todo. any work without inter ference ‘with the main ‘feeder 

Oil switches should be examined! once\a week to insure that 
mot burnteo: lo ogstovs oT. 

The oil sin: the oil switeh | tanks should” be “rétewed every 
theres or six months, depending ve number of ties the 
switch has: been ‘opened 

Spatres: for switches should always be kept: ‘ap hand: 

Transformer temperatures should be'taken daily the trans: 
former temperatures should 'nevet be permitted to exceed! 70 
degrées:Ci If/the: temperature approaches '70 degrees -C., 
creasé the’ amount of ventilation of ‘the ‘toom 
reduce thé load-on the // Toor 

Pranisformer: oil; gauges’ should be frequently inspected to 
see that the oil: shows in-the 
sample! of: oil should: be ‘taken’ the bottom? of 
transformer every six months and tested for moisturé. 'At' the 
end.of each yéar':all! the: oif in thé transformers’ ‘should be 
removed either filtered ‘or renewed: sotto 

ADDITIONS. 


pic iplaitisearbom electric steel the tised 
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In producing alloy steels : Asot? 
Tuingsten. powder, 97 to. 99 per cent tungsten,sof 
Ferro-tungsten,.’70 to. 75 per cent tungsten!!! 
For! chrome steel, 
Ferro-chrome, 66.to 70.per cent. 
For vanadium steel, 
ilfusttating' the Hétessity of foriihg and ‘the 
fitst ‘Slag itt electric fubniace' Operation; the’ folowing is 


Heat No. 56. July 17, 1919. sibel otrti 


Carbon 
Manganes 
Silicon... 
No. 65. 22, 1919. 
ht this heat the first slag was not re-, 
‘moved, but was held the 
_sheat.) 
‘Final Slag. 
Iron (and - 
Lime (CaO) 
Magnesia (MgO) 


Hg 
i} 
i } 
ij 
‘ 
014... 
| 
i! 
i} 
12.98 
12.50 
i 


ELECTRIC STEEL, FURNACES AND ELECTRIC STEEL. 


Steel. wwolls barrett 
Phosphorous 
nem 
These analyses, show, that. failing, to the.first slag 
increases the phosphorous of the steel from. .01¢ to .045; 
furthermore, the increase, of iron in, the slag from 7.00 per 
cent to 35.75 per cent shows steel going into the slag wibied 
should go into the ladle. 
The following analyses show the extent to, which, eaipher 
is taken up, in the second se how) the, — the 


HL sta 


“Before Forniation’ “Steel i in 
of Second ‘Slag. "Ladle. 
Oyo] 
22 
Phosphorous ...... 


Sulphur 


Pale 


Cold 

De- 

grees 
180 
180 
180 


180 


180 
180 
180 


Heat No 84. Aug. 14, 1919. 
e following chemical and physical results, selected at 
| - random, were obtained from billets forged from ingots: 
Cc. | Si. | Mn} ‘Ss. P. | “Limit, Strength, tion in wes mi of 
| .23| .64| .014 | .027 | 36,400 64,550 
27 .031 | .018 | 35,009, | «62,750 
39 | .19| .65 | .024 | .019 | 46,500 | 78,100 
29 .70| .017 | 027 | 47,980 | 74,750 
39 | .17,| 65} .019 | .023 | 41,800 79,850, 3 
|| .76| .022 | .029 | 46,150 95,250 
28 .29) 63 | 023 | .029 | 33,200 | 84,150 
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Photo: 8 shows, one. cold bend test:specimen; 

After considerable experimenting, it was’ found that the 
crop end of ,a,22+inch ingot could, be cut-off, by ithe oxyhydro- 
gen torch for $5.00,(labor plus material ) and that the cropped 
ingot weighing about: 5,000, pounds could be turned. into. store 
at $0,08,.per, pound,); which, included -all; costs; of | production: 
When. it, is considered, that the; Navy: Department, paid as 
high as $0.59 per pound. for nickel steel forgitig ingots during 
the war, the.possibilities .of electric, pendiation: at 
navy yards are, interesting... 

Photo 9 shows ingots and by the ante 
steel furnace, .. to 2 

To reduce xi a minimum the ins of time, resulting, ‘sce: an 
electrode breaking through. the, threaded. joint, a, number; of 
electrodes, were. kept on hand made, up, complete (Photo. 10). 
A broken electrode could be removed one, 

Photo 11 shows the absence of scull in te, ladle. os 
pouring. The seull,in the. ladle from,a pest 
averaged 200 pounds. 

The, following. data obtained. from. heats, 1 to 50, are 
value, The ton of metallic charge has been adopted. .as, the 
basis of calculation and comparison. The metallic charge 
consists of all ferrous material ( (including additions) ‘used in 
the charge and exclusive of slag-making materials such as 
lime, fluor spar and sand, o ed 


“NOMINAL AVERAGES, AND ACTUAL "AVERAGES. 


Ses order to compare the performance of the furnace for 
definite periods of tinie;|thé-operation’ was divided into periods 
of 10 heats. This eliminated the major ‘fluctuations: of indi- 
vidual heats; for instance, where castirigs’ were made in one 
heat, but, through error, credited to a subsequént heat. Five 
complete sets of figures covering the first fifty heats were 
obtained. The average values of these five sets are the nominal 
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averages. The actwalaverages are the averages’ of ‘the entire 
fifty heats, the discrepancy betweetr'the nominal averages and 
the actual: averages is due to the? fact’ that all ‘heats’ were inot 
‘the same’ ‘size and ‘consequently ‘the! ratio “ofthe various 
percentages" was not uniform.'The ttominal averages were of 
value ‘in following the ‘variations in! furnace’ ‘performance ‘dur- 
ing progress\of the work, The'actuablaverages could 
be obtained ‘until conclusion‘of' the fifty ‘The’ actual 
averages are of more value than the nominal averages. © font 

Table A the matetials” itt detail heats 

Table B gives the of the 
heats 1-50 in groups of 10 heats." Haibenies 

Table’ gives ‘a 'summaty of’ the charges for eats 1-50. 

"Table D gives the total charge, the’ prodiiét, atid the furnace 
lossés ‘for ‘heats’ 41-50: 

Table E, the in poss for heats 150 in 
of ten’ heats 


Table F gives the outpiit it for Heats 1-50 in 
groups of ten heats. % 

‘In ‘connection with D, percen’ 
different ways, A; B, and follows! 


A. On. the basis of, the, total Metal Char, 300 

_ per.cent ; 

1 to Input: 
(a) Primary Charge, per cent 
( (by Added Metallic Charge, per cent. 


EST 


. 
% 
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(f) Total Good and, Ingots, :per 


bos 
(4). Total, Output Product, per cents 


On Basis of the Furnace 
only taken as 100 per cent: 


Total Good ‘castings and Ingo, per” 


(a) Good Castings, per cent............. 82.40 


“(ay Defective Castings per cent. 


(f) Total per cent...... 


C. On the Basis of Castings and Ingots: 
1. Output only taken as 100 per cent: © 


(a) Good Castings, cent..... 


(e) ‘Total Castings and Ingots, per 100,00 


Note: The above data is taken from Group of Heats 


to 50. 


The “A” Basis of Comparison is. useful in comparing the 
Input and the various Output subdivisions with one another. 
In the earlier heats the “ furnace and foundry losses” were 


found to be abnormally high. A stricter accounting ‘of the 


48.85 
81.25 
54 
18.21 
100.00 
iff 
' 
99.33 
iW 
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material was ‘made with the latter heats, so that these losses 
appear considerably smaller in them. ‘This loss appears 
very small. in all heats where-ingots only» were made, which 
indicates that the bulk of the.losses should ‘be: — to the 
castings and not to the ingots alone. 

‘The “ B” Basis of Comparison is useful in comparing the 
distribution of the product? from the furnace as showing the 
relative portions going to castings, to ingots, to defective cast- 
ings, and to returns. “ B” system ‘is useful following 
the practical work of the foundry: alone, whereas the “A” 
system applies more strictly to the furnace operation, 
.: The “C” Basis of Comparison. is. useful in showing the 
percentage of useful castings, defective castings and ingots. 

The “A” Basis of Comparison is based on the Total Metallic 
Charge as 100 per cent, .The ‘‘ B”, Basis,of (Comparison is 
based on the Total Product of the Furnace, (i.e., the metal 
poured into the ladle) taken as 100. per cent. Basis 


of Comparison i is based on the sum or total, of the ingots of 
and 


The costs given in G to I, are‘all: based’on' the ton 
Table G gives the ‘of charging” 
Table H gives the cost of electrodes. 
“Table I gives thecost of ) | 
Table J gives the cost of 
Table K gives the cost of refractories ul in repairing the 
hearth, roof. and. walls, based ion:data' covering 80 heats. 


Table L. gives a sumn ary of the costs. pen ton of metallic 
charge. 


} 


ata contained tables, A to,ty the. following 
Fepults and costs are, opined : ed ben rt 4 
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Good Castings and Ingots. 448/553" 70.66 

Losses and Returns. 29.34 


Total of Metallic Changin. 
The nominal average for good: 
ingots found the: ‘percentages: 
The maximum ws (No. 41-50). 
The minimum: being (No, 1-10)... 
Showing the improvement in the percentage set 
usable or salable material as” was’ 
gained. ) 
The ‘returns “were! 
(For nominal average), aye cent. 
(For Heat No» 1-10). 
It will be noted; that~ the: per cent of 
Miscellaneous Losses and Returns was......... 29. 


The:actual per cent of Foundry Scrap used:or © 


Leaving the total Furnace Loss as 
_ Properly speaking, a small fraction of this total 
furnace loss should be charged to the ladle and 
possibly another fraction to the foundry losses. 
The total cost of materials and labor for each. 
metallic ton of charge (‘Table L) 


Actual percentage of good castings and ingots, 


_ Total cost per Ton of Good Castings and In- 

gots ($40.6218/0.7066) $57.4891 
Cost per Pound of Good Casting, material and = 

$ 0. 02875 


$40.6218 
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From the | total: furnace loss of: 8118) percents!) 

if we assume the efficiency of the furnace as 96.82 

per cent,\then ithe cost of Steel placed in the ladle 

Cost:per Pound+in the Ladle. 
Or in round-numbers. .. .- . $ 0.021 
Assuming an; .change 160 sig 

the total cost! in;the dadle, will be, per pound’. 

The cost of, amingot;can be considered 

higher as: the ladle and handling charges. should 

be added (assumed as .003(per pound) $0045) 
Incase the ingot had 30 per-cent of 

moved as discard, the cost, exclusive of the:labor) 

necessary, would be. about, 70: cost per 

pound . 0,0648 
The inhor and material necessary. for 

the end is. .001 per pound, 
Cost of forging Ingots f.o.b. foundry.!.). 209! 068) 
Based: on these figures, cropped ingots wefe delivered) to 


Supply Officer, Mare at: pér pound, :as 


Photo 12 shows.a heat ot steel being into the 
ladle: 
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TaBLE B. 


¢ 


CHARACTER OF CHARGE IM PERCENPACES. 


Hear wog. | 2-20 |21-20, |21 - 30 |31 40 |41 - 50 
MET.CHARGE TONS| 49.269 | 68.367 | 65.350 | 66.937 63.942 


35.96 26.96 
42.60 | 29.70 


10/10,| 10.76: 


S 


7.95 | 25.90. 


955 


ADDED MET. CH. 
TOTAL MET. CH. 


lime: 
Mer. 


7 


[vis 


} #08 
4 


TRRAG 
| Plate | 28.82] 29.63 41.56 | 32.442 | 
rimaing " | 26.63 |- 18.78 14.26] 16,064 | 
‘Punching " | 27.09]. 12.03 15.98 | 17.790 | 
shell" 12.93 | 9.24 
Pig Irons] 1,88 2.69 | 2.19} 
i Seale | 1628 1.95} 0.90) = 1,220 
300.00 | 200.00 | 100.00 | 200.00 | 300.00 | 200.000 | | 
3.00 | 3.79| 3.79] 2.96] 2.54 | 3.254 
| .e | 1.12 9] 45) 
43 | «86 -38 
{105.26 | 108,57 | 108.47 | 103.12 108.26 | 104.636-} 
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np 


in 
SUMMARY OF CHARGES 


YOR PIPIY BEATS 


4 


AVERAGE 


‘ADDED MET. CH. 
TOTAL METy 


‘| Foundry Sorep 164210 820620 | 26.16 | 

| Plate | 207596 | 4151.92 | 33.08 | | 

‘| Qrimming-" | 97622 | 16.665 | 

| 100.00 
Fluor Spar 4810 96.20 | 78... 


a 


i 


fed 
a 
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TABLE 
SUMMARY FOR FIPTY HEATS 
OUTPUT POUNDS 


: 1 = 10:21 = 20:81 - 90:81 - 40:41 - 60:1 60:AVERAGE TONS 
: HEAT. 


09 90 00 00 00 00 


8 


6.87739 


i SL 

m PER CES? OP CHARGE. | 


| 2-20] 122 - 20 


BR 
Water 


3.65 | . 


TOTAL METALLIC 
CHARGE 


| | | 
: 
i POT | #00 | : i 
OTS & CASTINGS : 68609 :108615 : 4.43655 
DEFECTIVE CASTINGS: 2598 
TOTAL PRODUCT ‘77549 :227885 :109945 :119860 5.48001 
; OPAL OHARGE 96689 
cu. 19 186] | | 18072 | | | 
| 43.16} 20.1} 34.07 2.12} 
INGOTS & 64.40 | 9078.70 |. 64.83 176.05 78.12 | 696820 
FURNACE & FOUND = 
21.49} 13.80] 15.90| 10.46 13.100 
22-2 | | 20-0 | 20.00 
/ 
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"Based on’ Weights used! during to 60;° 


MATERIAIS 


: 


Percent 


Price 


Cost 


TOTA 


Poundry: Sorap 
5a 


Turnings 


£0088,4 


00200 
40,00» 


_.. Primary. Charge 


“Pig Tron BY 


Ferro Silicon 


| Metallic Additions 


5.91 | 


fotel Metsllic Charge 100.00 


Lime 


3.23 


“ 


Non-metallic Charge 


1.387 


Grand, Totals 


11.698 


608? OF. MATERIAL PER OP-. MBTAILIC CHARGE. 
15.65 | 10.00 | 1.555 
Punchings’ 17.30 10.00 1.730 
| | 
Ferro Manganese’ £61 “4° 804.00 "1.244 


ELECTRIC STEEL FURNACES AND ELECTRIC STEEL. 


Taste H. 
POUNDS as taken trom Log. sheet 


Cr. 


440 


4 


4755 | 8250 


4030 seso 


27.96 “92.11 ‘| | 26.03 


Rotel charged to the Electrodes’. 18, 220 lbs. 
in Position, Dpoken ends, etc. 
Quantity used 


Amount per fon Keteitic charge 40.9 Toe. 


cost of Electrodes Ton of 
Phas 0878 x 40.9 ak 


# 1-10. | 1735 | 2275 | 1705 | 2275 
1-20 | | | 230 | 475 | sep | 
21-30 | | 1195] 260 | 1220} 
sito | ses | MM | 
NET 3860 | 5090 


ELECTRIC STEEL: FURNACES AND ELECTRIC STEEL. 


I, 
COST OF EIE6TRIC POWER 
Taken from og Data for Heats No.1-50 Inc. 


K.W.-HRS. | K.W.-HRS. 
PRELIMINARY| ING 


Ourrent Power by ‘per heat 


Rate for Power 0.0185. Per 


or 


iiaries - 
0.0125 x 


_ 
50 


TOTAL COS? PRR ‘TON FOR POWER 


HEAT HOS. per 
10 | 16,000 59,000 | 49.266 | ase 
(66,900 | 68.367 | 979 
to 30 700 | 67,200 f 65.355 | 026. 
31 to 40 3,600 | | 64,000 | 66.988 | | 
to BO 68,800 | 63.942 990 
$ 0.0185 x  oquals $ 0.777 


® 


6 X 9 SOTTTS 
WOLY OPTS SOTTTS 
WOLy OPTS BOTTTS 


| aa | 


tz * 


equer 


TOF 
zeqetuep 

£ex Té. 
SOTTTS 
u6 04 Teousen 
«6 VOTTTS 


: 


3803" Gf VOTLTS a 


| 


STVLOL 
004 0g 0% TP 
OT T 


og 
oT 
OT 
Tt 
34 
009 


| 
| 
a | 
3 
| 
| i | 
| 
| 


803° qory COTLTS oT 
 O4T°S 6X 9 SOTITS ot 
008°oT 6 X 9 SOTTTS Os 
2802° PUT TH SOTTTS bh 
000°S 00°S QUIS t 
049°S4 380g* SOTITS os¢ 29 
$390° *sqT 009 
60T9°* SS se69¢ T6 
G94L°3T sequel u6 on St 
000T°T squet ON s¢ 
266°SL 3803" | u6 VOTTTS tT 


“ON JO 480 


9b «SEVER FO Of 


on 


x 00° 


| | 
| g | $3888 | 
tel 


a 


ne 


STTLBS 
Melters. at $6.08 926.16 
Melter at 7.56 7,56... 


Blectrician at 6.40 ( 20% time) 
Helpers +0% ‘Lado? 8.00 


7.6785 =x 0.20 


sot Lato’ 


q 4 
4 
. é i 
3 | 
{ 
; 
4 
OPERATION . ‘| 
; Daily Cost of labor if 
£48.90, 60. Cost per fon | § 7.6763 
MAINTENANCE ote Lic ,elLoot : | 
| 
if 
22 
| 
| | | 
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TABLE L. 


TOTAL COST (PER TOM or CHARGE ) 


OPERATION: - 


Tadle G 


I- 


“fable J- 
“otal for Operation 5791 


Primary Charge $6.9980 
Metallic Additions. ., 8.8150 
on-Metallic Additions 1.8870 
Total Charge. .921.695, 28.7 


7.6788 


MAINTENANCE sodat Yo 


Refractories:- Bottom 24644 

xoq 05 “x 

Walls, etc 1.1422 


6.5788 


17.20 

8.41 


LG 


8.82 
83.56 
18.80 
90.05 


1.19 
1.67 
2.81 


Tools, oil, eto (Estimated) «2000.9: 0.49 


Total for Waiitenance’ 4.0427 


TOTAL COST PER METALLIC TON $ 40.6218 


TOTAL,COST PER METAILIC IB, 0.02081 


3.79 
(9.95 


100.00 


3 


otter oft at betsse ste eaottuloye: 0004 ts 
_TRIALS' OF ‘NEW STEAMERS”’ 
ROUIPPED WITH TURBINE AND!" 


REDUCTION GEAR! 


“19. to motrin 


By Owes, Us. 


. GENERAL, DESCRIPTION. 


Jauneh is a.twin-screw vessel, driven by two, high-speed 
Poole Turbinesthrough planetary reduction, gears, and..is de- 
signed: for, a;speed of 800 R.P.M.. of the, propeller, at about, 


20, tons; trial displacement, with developing, 100, 
shaft 


Fresh water capacity, gallons... ites 
Cruising radius at full speed, miles 60,25 
Critising radius at’ 600 R-P.M:,’ miles...':. 


The launch is. divided into four! as follows : 
Forward: !crew quarters; fire-room,, engine-room ; and: cock- 
pit: for :passengers. aft... The cocktpit is fitted, forecarrying 
approximately twenty passengers, and; the launch hasi a cafry- 
ing: capacity’ fifty passengers and a'crew’ of 


it read ont. ordi io hers 


tthe main engites are “Poole ‘high-speed. turbines: of 


compound impulse. stage with a wo: orking ‘ptes- 
sure of 850 pounds per square inch 


tie 


\ 
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The turbines are designed to develop 100 shaft horsepower 
each, at 8,000 revolutions, and are geared down in the ratio 
of ten »/The photograph:here shown, marked/Figure 1,_ 
gives a good reproduction-ofthe turbine rotor, reduction gear, 
forced lubrication pump:and thrust block, 


— has been used in the construction of these. en- 
gines, in’ the’ casihg¥ ‘and’ other’ parts where’ practicable, ‘to 
reduce weight. Each ‘turbine and ‘eduction gear weighs 
approximately 1, 400 pounds. 


are’ préssire: ‘stages ‘inthe’ ‘ahead’ turbines both 
velocity’ Incorporated’ inthe ‘Same! casing 
atid in ‘the after ‘the ‘astern titbitte, Which’ cbiisists'of 
one pressure’ stage! Velocity comipotiidéd. “Tt ‘has! ‘aboitt 
per cent of the power of the ahead turbine. 210010" 17" 
The rotor wheels are secured to tapered sleeves, shrunk on 
the shaft. The sleeves, one for each wheel, are shrunk and 
keyed" to the shaft and secured by three keeper, bolts... The 
inside, of the wheels are machined to,a, machine-fit, with the 
sleeves and is. held in place bya key extending: through: the 
sleeve! to the shaft, and by securing rings' ‘wistely: ‘screw ‘on to 


the wheel, thereby preventing the wheel 
"The: two’ wheels: inthe aliead turbine ‘are! of the ‘saine ‘size, 
arid are 146: inches itt diameter ‘at’ the center “of! ‘the "blades. 
Theasterri‘wheel is 10 inchés)in diameter at 'the'center of the 
blades. Each wheel edtries' two rows of blades, 
shaft ‘is’ supported “by selftaligning bearings the 
spherical-seat type. The forward bearing is located’ itt’ the 
forward end of the turbine casing, after in 
the forward nd | of the redyction-gea 
ce cen entra tof the 2 is inc an 

inches in er, which carries the eels anc 
ward and aft of rotor ‘wheels the shaft | in a 


a 
‘ 
3 


ftatan bhernal A 
Gear, Members and Parbine Rotor 
| 
i 
i 
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wadial-slotted projections, on. the, turbine case forming -part 


of the-shaft.gland, packing... The:shaft gland-packing; is com~ 

pleted-by a securing. ring-on each iend.of the shaft,, where the 
diameter }is.neduoed andthe: ring 
projections..on: the turbine: Sealing: steam ‘from the 
auxiliary: exhaust, line/is admitted to an iat 


center the packing. io hoe 
_- The sun:pinion gear iis cut.en the after-end of turbine 
wail consists of a right and left hand helix. 


periphery iof the! rotor: wheels _{pslotted, The : 
the: fotor: blades are» of .a -corfesporiding | crdss-sectional 


shape. starting: plate:fon|inserting the: roots of: the blades 


is provided, and after all blades are inserted)in:the rotor slot, — 
a locking-piece is inserted and welded into place. 

The distance between the blades is maintained by the shape 
of their roots. After all the blades are assembled on a rotor, 
a shroud-ring in sections is. fitted over the tips ofthe blades. 

The diaphragms which carty'the'stationary blades are made 


_ in halves and are set in slots in the upper and lower halves of 


the casing and are secured with ‘stud’ ‘bolts. The 


on the. stud bolts. . wor 

The diaphragm. which carries! thie steam’ ‘sec- 
ond. Stage is made’ in halves aldo, and in slots in, the upper 
and. lower half of the casing. The lower, diaphragm can be 
rolled out.when the upper'half of the easing is:lifted.o: ‘The 
diaphragms are. fitted with radial'patking to prevent leakage 
from the first to the second stage. There are eight nozzles 
in the diaphragm, all of\ which are inthe lower half. 

There is one nozzle bolted to the lower part of, the forward 
turbine casing for delivering steam to..the, ahead turbine, and 
two‘nozzles bolted to lower. part‘of the after turbine casing 
for admitting steam to the astern tytbiné.” Steain admitted is 


‘controlled directly by the manetiyering, valve, A’ strainer and 


stopevalve are fitted in the: main steam: line.‘ahead of /the 
marieuvering valve, and there isonly one strainer and one stop- 


: 
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valve “to ‘supply ‘the two matietvering valves) ‘A hand strip 
gear is installed |so that the! stop-valve'can be closed ‘quickly in 
case of ‘necessity. ‘centrifugal spring governor is installed) 
on 'the forward’ end ‘of ‘the ‘rotor shaft: This operates a‘trip 
gear which disengages ‘a tachet that holds the stop-valve open. 
and allows; the’ valve ‘to close! when the’ revolutions’ of' ithe 
rotor exceed the maximum number of revolutions allowed. 
These turbines ‘are tested for! a: speed of 20:per: excess 
of the rated speed. . basd ttol bas bas 
-\Lugs'6n each side of-the! lower half iof :the (casing! are 
secured) by holding+down» bolts to the engine foundations, ‘the 
holes for the forward holding-down: bolts:: being oblong): to 

allow for-expansiom ai ots esbsid lis 193ts bas .bobtvo1g 

ot ye RURBINE ‘DATA, {1994 tod ol T 

tto ots eabsid fle volt A 3 


Number of in! ahead 'turbine.<\. 


» tawol bas itt etole mi fee sts bts 


is ott Whee DTS 


Blade opening, first. row, 9 


second row, square inches tat shi ogi 
Length of blades, first row, inches............. 1-35 /64 


Tienes of des. vat base, first row, imches 


Blade opening, first row, square at -bediext 

Length ‘ot ‘blades, first row, inches ...... es 1+85/64 

Thickness ‘of blades at’ base, first tow, inches gi. 


j 

i 
j 
N ro es, 
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Blade opening, est row, squate ‘indhes 2. 

“second row, square inches 
Length of blades, first, row, inches , 3495/64 
second row, inches 1-23/32 
Thickness: of ‘blades at base, first row, inches 
“second row, inches ©3204 
itorle tto et Avold temas 


‘Phe of the: type, those 
installed in the Eagle boats. This’ ‘reduction gear is quite 
‘different’ from! out usual ‘concéption ‘of a marine’ reduction 
gear, in that the driving-pition’is inside ‘of the'gear instead 
Of on’ the sides, and all shafting in’ the’ same’ straight ‘line. 
‘The’ driving:pinion drives! two! planetary gears: rollers). 
These’ mesh‘ ‘stationary gear’ in ‘the 'casitig. ‘These 
planetary ‘gears: ‘ate’ Secured ‘in ‘a’"frame, and’ theif’ rolling 
‘causes | ‘ffame to’ revolve: The frame'is secured tothe low 
speed shaft ‘collar and” key} ‘anid ‘the! ‘propeller 
through the lowspeed’ shaft!) 9) 

A photograph of the reduction’ platietary cage 
removed, is here shown (marked Figure 2), which appre very — 
plainly the principle of, the, Beary 

. The reduction gear casing is of aluminum, to reduce the 
weight. and the lower half is part of the turbine casing. 

The reduction gear casing contains the reduction gears, 
gear cage, sun-pinion shaft and bearing. (which bearing.¢s also 
the after turbine: planetary cage and’ a 


intemal: ‘right and left. hand. helical gear e185 
inches pitch diameter with 189 teeth i is ‘set’ in ‘the 
ver casing and is keyed in Place. 


7 
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Revolving inSide, thesh with the internal gear, are 
two planetary gears with same type teeth. The planetary 
gears are 5y4-inch pitch diameter and | have’ 84 teeth revolving 
in, bearings in the planetary Bear, cage, and. mesh, with the 

The planetary gear cage is to’ the' low-speed shaft 
by. extending over its forward “end, ‘and is “keyed to it. and 
drives the propeller. 


A Kingsbury thrust block is fitted on the low-speed. shaft 3 in . 


the after end of gear faa to take, the thrust of the pro- 
peller. : 

All bearings in turbine, and, gear casing are,.of, 

Contained in, the gear, case.is.a small reciprocating, pump 
by.an eccentric: on the low-speed shaft, and ,oil-cooler 
with necessary strainers, and. valves fitted,,. There is)also an 
independent forced lubricating pump, installed;, to, be .used in 


case/ of break-down of .this attached pump, A pressure, of - 


about. ten, pounds is, carried on the. gear.cage, bearing... The 
oil; lubricates. the bearing, them passes through a hole in the 
shaft and goes forward,and passes out through holes in, the 
sun-pinion and lubricates the 


REDUCTION GEAR DATA." Tq oh} 
aft. soubor 16 2t fonoubea 
ont tise sowol oft bos 


Planetary’ gear lig. bas, Special 20° 
Internall gear rings . diol. Special steelos::: 


% 
. 
| 
i 
tr 


TRIALS. OF NEW *FIFTY-FOOT; TURBINE STEAMERS, 


Gear Data. 


Internal: gear rings, number of teeth... 
Planetary gears, number. of. $993 odus ‘at 
Sum pinion gear, number. of. coskusi. der 
Internal gear, pitch diameter; tond. jo 
width,.each, inches. . io 1 
Sun pinion gear, pitch diameter,) 
Helix angle of teeth, degrees 
Ratio: of reductions bint. Ab 


ile ttle ig : 6 < a 4 by 


“eit 
Propeller shaft, R.P.M............. 6 so 
Tail shaft, length, feet ‘and inches) 2.908 


Rake’ ‘per: foot | of shafting, . . As i 


tail shaft’isssupported by the sterm/tube bearing: and 


s dels 2i stodT .closo enolisa, 00. gaiblod of 
_ "There is;one main condenser logated in, the enging-room, on 
the center line between the turbines... It is a surface condenser 
built, at the Navy Yard, Norfolk, and is 
vacuum of 25 inches at, full speed. 


of berate -svisy 


ik 
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Datas > 

Distance between tube sheets, feet and inches)... 
Length of tubes as ‘installed, feet and ihehes 
Length of condenser, including heade;? feet. ti 3699. 
Inside diameter, feet and inches..... 1-9 


The vacuum is obtained, and the condenser diiiint, by a 
4¥ inches X\6\inches X [8-thches vertical simplex, feather- 
weight air-purhp, sittated on the forward engine-room bulk- 


head; The condenser is. fitted with a 7-inch nozzle: leading 
from the exhaust side of each turbine, and has ¢ a einicy drain 
nozzle to the main pump. 

The condenser is single flow and the tubes 2 are ‘expanded ori 
each end. The circulating water is supplied by 414 inches X 6 
inches 6 inches vertical simplex pump, when standing by or 
backing, through a 3-inch nozzle fitted on the forward, end of 
condenser. When going ahead, the water is: supplied by a 
scoop fitted under the boat through an’ 8-inch ‘nozzle ‘fitted’'to 
the forward condenser head, ‘There is a/6-inch gate valve 
in the line from the scoop to the condenser, which is used only 
when the launch is secured for some time. There is a swing 
check valve installed aft of the gate valve referred to Above, 
which is used when the launch is maneuvering and it is'neces- 
sary fp shift from the scoop injection to ee Sara pump. 


FEED TANKS. 


isa tank made of copper, on 1 the 
inside, on each side ofthe launch extending from frame 29 
to frame 33, holding 60 gallons each. There is also a feed 
tank of copper, tinned inside, holding’ 66" gallons, ‘installed in 
the bilges under ‘the ‘boiler. This is installed in’ this ‘place ‘in 
order to’ prevent the high temperature of 'the farriace 
from coming in contact with the: wood of the hull, ©) rey 
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feed? tank ‘Gn’ the’ starboard’ ‘side’ is fitted’ with: ‘joofa 
spotiges ‘and’ acts filter ‘tank: “The tank: ‘on ‘the par 


FEED SYSTEM, 


There are two Worthington vertical simplex pumps, 4 inches 
X 21% inches X 4 inches, installed on the port side of the 
engine-room for feed pumps, pumps. take ‘their ‘suction 
through a manifold from the tatik’ undér the boiler‘and’ dis- 
charge through a coil feed water heater containing 5.4 square 
feet of heating ant through a check. and stop om: fhe 
boiler, at 


‘There i isa fitted around the water heater, 


FORCED LUBRICATING SYSTEM. 


There i is situated in the gear case a 
to an eccentric on the low-speed shaft,,114 inches. % inch, 
which takes. its suction through: a: straimer: from» the drain 
tank located in the base. of' the ‘reduction ‘gear case, In the 
after end of the gear case is an oil cooler of approximately. . 
square feet.of cooling surface of 3-inch U tubes.:., Cooling 
water is supplied: from the. 


BOILERS. 


There , is one, type, B.oilburning. boiler situated in an,air- 
tight compartment, just forward of the engine-room,). The 
boiler, is of the general, design of the. Bureau.of Steam Engi- 
neering small-tube boiler, and consists of one.steam drum: and, 
two mud.drums connected, by l-inch tubes,, “There are six 
rows of. ‘from 25 to, 27, tubes each on each side of, the boiler,: 

This, type, of, boiler, was built. at, the, Navy. Yard,, Philadel- 

phia, and.is equipped with, one. Modified Fisher, Continuous- 


flow Burner which, was, developed at, the, Fuel-Oil Testing 
Plant especially for this boiler. The burner and all valves 
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connecting, with, it are; operated.either, from engine-room 
or fromthe deck, iso. that;it is not-necessary for. aman, to, 
in the fire-room when, steam the 28 | 


DATA, 


outer edge, of lower drums, feet and inches; 0 A 8% 


to, end of. drums, feet and inches......... when ios 6-2 

Heating surface, square feet................. 500, 


Capacity at steaming level, 


orl) amxiliary isteam-stop, valves, 


Bas 
Air carried for full speed, inches water ¥6 Dino 


Diameter of tubes, inches............. 


OIL-BURNER. 


whereby‘ Conttinitious of fuel-oil 48. obtaitiett ‘by’ the ‘tip’ 
ofthe ‘and “any ‘exbéss of “oil ‘above 'that' required for 
the’ fettithed tothe’ 'stiction’ of ‘the’ Spumip: 
The pressure | is controlled by the openiitig’ and’ ‘of the’ 
valve the’ return the ‘Suction Of ‘the: fuel-c 
ig ‘nade for’ atomization raish 
steam ae a! ‘steaft ‘catt' beled the Ship''to ‘the! 


Ils bes liod 101 ‘ 
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one turbine-driven Sturtevant wither: on! thé bulk-— 
head: between the engine-room and »fire-room.' Thevturbine 
the: the bulkhead anid the! blower 
on ‘the fire-room side’ The blower takes its‘ suction! from a 
ventilator ‘or the: engine-room, and discharges» into» the 
room against a pressure of  aldslisvs 


Type of of 2, 'M. V. Des. ‘No. 2 
RPM. 


‘Diameter of ‘steam’ inlet, 


Capacity. ot cubic fect per: 


ae main steam line runs direct from the main steam-stop 
valve on the boiler to the throttle valve ahead of the maneuver- 
ing valves and supplies steam to the turbine only. 


AUXILIARY STEAM PIPING. 


The autiliagy steam line comes from the auxiliary 
stop: valve’ the boiler, and after it énters the 
it divides ‘into two and the gn the 


There Worthington vertical ‘simplex: 
inches, 1/4.inches. x 3 inches arranged to take suction 
from either atarboasd or port tank and: discharge to the burner. 
There arehtwo fuel-oil tatiks, oneach side ‘of the’ boiler, 
holding 150. gallons each, giving’a total fuel-oil capacity of 
300 gallons. 
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TEST OF ENGINE, BEFORE INSTALLATION. 


In 1919, a test was run on first, of these units 
at the works of the Poole Engineering Company at.Baltimore, 
Maryland, in the presence of a representative of the Bureau 
of Steam Engineering. ‘Trouble was experienced: in obtaining 
the proper steam pressure as sufficient boiler power was not — 
available. A small. steam launch boiler.-was Joaned. by, the 
Bureau of Steam Engineering for the purpose, but even with 
this boiler, dry steam of 250 pounds pressure could not be 
obtained. It was necessary to reduce the results obtained 
from the. test to the guaranteed of the 


STANDARD CONDITIONS. 


Steam condition, pounds per square inch gauge, dry ok ciudick. 


test 
rr? oJ fit 


‘Auxil- 


Charged: to 


condition lbs. water | 
per br. per SHP of |. 
irbine’~ 


RPM. 
Shaft 
Reduced to standard 


1,700 | 255 
255, 
1,730 | 260 
200 | 


4 {hi 


| 
8,000 
800 
250 
3 i 
i | 
; 1| 192.4 | 0.88 14.8 
3 |, 2028 0997 15.4 
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The off Norfolk, Vieginia, on 
April 19-20-21, 1920, and consisted of the: follow? 


Standardization trials; = 
Full power and endurance runs; _ 
Test of auxiliaty machinery, for water écinaurapticn: 


The standardization trials were conducted over the meas- 
ured mile in the main ship channel between Norfolk, Virginia, 
and Fortress Monroe, Virginia, Fourteen. runs in a were 
made, as follows: 


Bat500R.P.M.;. 
3 at 600 R.P.M. ; 

Sat 700 R.P.M.; 

5 at full power, or $00 REM. 


The results of these runs are shown i in the attached 
of speed andR.P.M. 

The full-power and endurance runs were held in Fsmtion 
Roads, Virginia, on April 20, 1920. The launch was equipped 
with two 25-gallon tanks for measuring the condensate, and 
the fuel-oil consumption was obtained by means of a fuel-oil 
meter and the soundings of the tanks. The launch was not _ 
equipped with Torsion meters and the S.H.P. for the different _ 
speeds was taken from the curve figured in the Bureau of 
Steam Engineering for the revolutions of the propeller. _ 

The water consumption of the auxiliaries was obtained by 
mang R.P.M. on April 21, 1920, in the follow- 
ing way: 

“The exhaust from the auxiliaries was put into the atmos- 
phere and the condensate from the turbines ofly was mieas- 
ured, and the amount the auxiliaries used was computed by 
the difference between the 600°R. PM. ‘run on April 20th and 
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TRIAL DATA, 


Length of trial. er gee 
Speed in knots, from curve.............. 
Pressute - nal main steam, pounds). ry 
r square i 

Pressure turbi né, 

Main*feed, temperature, degrees F....... _ 188. 5 
Fuel-oil pressuté, discharge to burner. 
Auxiliary pounds per square 

forest draft blower, RPM... 
‘Water consumption; total, “pounds. 6175.8 “role 


Pounds of fuel per S.H.P. per hour...... wee : 

Pounds of fuel-oil, per knot 0.74 
Kind of fuel-oil tandard, 


Sh 


miler 
i won blo orlt Tho ‘artitin» vd 
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PECULIAR CASE OF DAMAGED PROPELLER. 
By LIEUTENANT-COMMANDER S: Hem, 8. 


The accompanying show'the statboard: of 
the U. S. S. Charleston when that vessel went into dry-dock 
after steaming about 30,000 miles with this propeller in. the 
damaged condition shown, The peculiar feature of the :case 


_ is that the damaged propeller was just as efficient, if not more 


o, than the original propeller. -It shows that in case of 
of this kind it is not always necensary to immediately 
renew or repair the propeller; 

The facts of this case were as follows:, ‘The orapieies: was 
damaged by a pilot’s tug fouling it when. the vessel shoved 
off from Colon at the beginning of the World War; the tug 
was ripped open and had to be grounded to prevent its sinking ; 


and each blade of, the propeller had, approximately eleven 


inches of its tip broken off a0. ‘the. ends. 0 of t the. blades were 
badly twisted. st 

The: propelling efficiency the’ un- 
affected by the accident as the “turns per knot” were the 
same after the accident as before. This was proved by many 
calculations from the navigator’s data on long runs and also 
by actual standardization on the measured mile off Guantanamo 
at speeds of nine, twelve and fifteen knots. _ 

The starboard engine required slightly 1 more I.H.P. to make 
its revolutions than did the port engine, the propeller of which 
was undamaged. 

The only detrimental effect observed was a slightly exces- . 
sive vibration of the stern of the vessel when turning with 
full helm. 

The blades were repaired at the Navy Yard, Boston, Mass., 
by cutting off the old tips, casting new tips and welding them 
to the old blades by the oxy-acetylene process. 
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The writer, as engineer officer of the vessel, was greatly 
interested in the case, because “knots per ton of coal” was 
so important on this type of vessel making convoy trips across 
the Atlantic and back, without coaling. It was thought that 
the repaired propeller would show increased efficiency, but, 
in spite of increased efficiency of personnel and plant, the 
desired increase of knots: per ton’ failed’ to: materialize ont 


increase ‘rather then. the efficiency. 

reason, for this erratic action, can, be igi 
following theory : The accident ‘bent the blades so'as'to in- 
crease the pitch. The tips of the original ‘blades. turned, too 


close ‘to ‘the ‘hull: of the vessel where they’ encountered ‘the 


heavy hull:‘wake current and, thereby. lowered the: efficiency. 
‘The loss‘of area’ of the damaged blades was made’ up by 
creased pitch, and the friction. of their was about 


fhe hull. 
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THE SUANDARDIZATION OF HORSEPOWER MEASUREMENT. 


compifing ‘the ‘of ‘the of “machinery Built by: ‘the 


different marine engineering ‘firms during: the yeat, difficulty! was 
revealed which, did not exist before the. war, when last the returns were 
made’up the end of the year 1913. At rat nearly “the whole of 

the propelling machiriery for merchant ships of the 
and the output of any, firm was measured by the,jndicated horsepower of 
the machinery built during ‘the year. The es for the ‘com- 


pleted, have shown, that the geated turbine largely replaced the 


rocating engine, although many firms are still engaged in building mac 
ety ‘of thé latter type: ‘But’ ‘in’ presenting the’ while the 
of reciprocating, machinery, is expressed, as before, in. terms, of indicated 
horsepower, the amount of. turbine mac inery. turned out cannot be esti- 
tiated: terms indicated’ ‘horsepower, 'Sitice, 86 no’ sittiple’ method 
has been. deyised to, measure: the indicated ; ‘of the, steam tur- 
bine. Again, there is a growing amount of mercantile tonnage which is 
being propelled by internal-combustion engines, and here the. estimated 
power is usually expressed, not as indicated horsepower, or as shaft horse- 
power, but as brake horsepower, which, while, not differing greatly from 
shaft horsepower, differs’ very considerably from the indicated horse- 
power. In addition there is the possibility of the electric drive becoming 
more widely adopted for merchant tonnage, and in this case the power of 
the machinery is expressed, not in terms of the power of the turbines at 
all, but usually in terms of the electrical horsepower supplied to the motors. 
‘It is apparent, therefore, that with four classes of machinery being 
adopted for marine purposes and the power of each of these being com- 
puted in a different way, it is becoming more and more necessary, if accu- 
rate comparisons are to be made of the relative amounts of machinery 
of the different typés built or of the size of the machinery of the different 
_ types required to give the same result on a ship of given dimensions, that 

some standardized method of measuring the horsepower of the machinery 
should be agreed upon, no matter what the type of propelling machinery 
adopted may be. 

The indicated horsepower is certainly the simplest form in which the 
power of the reciprocating engine can be expressed. If the dimensions of 
the cylinders are known, with the links set so that the steam is cut off at a 
given fraction of the stroke, knowing the working pressure in the boilers 
and assuming a given number of revolutions per minute of the engine, the 
indicated’ horsepower can be calculated. Again, this figure can be readily 
checked by the simple expedient of taking indicator diagrams when the 


engine is actually in operation, and the diagrams thus obtained also serve — 


the useful purpose of showing whether the valve gear is correctly set. 
Hence, the power of the reciprocating unit is always expressed i in terms of 
indicated horsepower, although actual indicating of the engine may never 
be carried out. 
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» With: the: steam: turbine; however, there >is’ no ‘direct’ way ‘of ‘computing 
the poweri developed. » By taking \into account! the'sizé! of) the ‘steam :pas- 
sages and knowing the working: pressure} some-idea' of the! power likely to 
be! developed ‘can: be :obtained; but this can’ only''be verified when the tar+ 
bine has ‘been; installed onthe’ taking measurement of ‘the shaft 
horsepower 'by::méans ‘of a torsion) meter: With) this “instrument, ‘which 
has: really: been “designedas'a means: of’ measuring’ the power developed 
by the marine steam turbine, the angle of torsion of a giverlength of the 
propeller shaft is accurately determined, and from this, the horsepower 
being transmitted through the shaft can be computed. But the apparatus 
required is by no means simple, and, while it may be installed temporarily 
during the trial trips of a vessel, it is not usual for it to be permanently in 
place, and therefore no direct-method is ‘available: for|determining, at any 


time when the vessel is at sea, the power being developed by the engines. . 


It must, be. red, bower /when. once, measurements, have 
been made with torsion meter of the shaft horsepower developed by 
any particular, type of pir , the, power to, be; expected from -similar, tur- 
even if they, are, of different size, can ,be, calculated, witha consider-. 
able degree of accuracy. In any case the sha t horsepower, is, the, sumplest, 
expres 
ith the, oil engine the most usual of, exoresing ‘the -power det 
veloped. i im, in, terms of, brake horsepower, This, is,,no doubt; because the 
engine is even enerally. built; small), sizes,;and.the testing, of. the. 
coming in y, means..of. a,.brake, gives, the. simplest .and; most 
diréct, meth for. determining the. power developed... Quite,large. 
engines tested, inthis, way, and, when once, the.power of any, 
of engine |has; thus been determined, ‘the, power. of /sihilar engines. 
rent can, be: computed... It) is, Possible, of, wing ah to.,take: i ndicator. 
diagrams rom the: Diesel, and the, SEM; is, 


“the power. is, a, matter, 


to owever, they, 
would either have te means, for, large Powers; a 


OW 


At is, apparent, ore, that, if, ious methods, ote ibe 


power, of, the, over are to, -by one; simp the 
ting engine, the indicator, .would,, still; be, 


engine. and,,thrust-block, Wing. wi 

termining al able, and the. horsepower, 
represents sents the propeller aiter: losses, in the 
difference; repre th, <OF, two 
and frequently utilized, VS lectric rive provi the shaft between 
the motors and the stern tubes i th, Shore, fsion’ meter ‘gould be, 


of the engine, but meter sould, a 


oil, engine, the, 
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readily carried out, the difference between the figures thus obtained and the 
power supplied to, the motor: giving the losses:in;the motor: itself.and: the 
thrust-block,, Thus it. is suggested» that, while’ the,present: methods: of ex- 
pressing the power.of different; types: of marine. engines: and»motors) be 
retained; the shaft. horsepower should ‘be determined, or. computed in’ each 
case, and this figure used: for purposes of comparison and compilation when 


i 


some PRECAUTIONS NECESSARY ORDER ‘to castixes, 


Every ‘one who has had'to do directly with! the of ‘Diesel’ 


engines is convinced that the metallurgical side’ of the question is one’ of 
vital importance. 


In cast-iron, when it is down from the to'the solid’ state, 
the planes of crystallization group themselves perpendicularly to the sur- 


face of’ the external contour, that is to say, at right angles to the outside — 


surface and in the direction in which the heat of the fluid cast-iron has 
passed outward from the body in cooling’ and ‘solidifying, Every abrupt 
variation in the external contour, every’ salient and every re-entering angle, 
no ‘matter how small, upon the ‘surface’ of a’ casting, is attended“ with ‘an 
equally marked sudden alteration in the arrangement of the crystals of the 
metal, The nattiral remedy for this, therefore, isto avoid all’ sharp angles, 
ribs and sudden’ deviations of sectional outline,’ so that ‘the ‘metal while 
being may be allowed to flow in natural curved lines. 
_ Every advantage should be taken of ahy process in that will 
facilitate closeness of grain with its’ consequent’ close packing and greater 
cohesion of thé crystals.’ It is, therefore, advantageous to cast the cylinder 
liners and pistons ‘on end, with the breach end at the bottom, thus: taking 
advantage of the static pressure of the metal in the mould. ‘Denseners also 
have been used for improving the compactness of’ the piston head, but the 
use of these requires special care or hardness will be overdone. 

Hardness is a point which requires very careful watching in this class of 
work, as a cast-iron piston, if too hard, has a‘tendency to split right across’ 
when first put to work, particularly if it is subjected to full load’ soon after 
starting. tough iron therefore°is more “desirable: ‘The! properties of 
cast-iron, which are essential to successful working of Diesel engine pistons 

and liners are: ‘High tensile and other ‘physical properties; metal which’ 
will readily’ take a high polish undet working conditions and thus ‘give 
good resistance to wear, ro the ability to’ resist growth and cracking when 
subjected to the high working temperatures which are a feature of this 
class of engine.’ These conditions are only met with in cast-iron 
the highest intercrystalline: cohesion, and ‘this is also ‘associ 

which gives the highést tensile strength. ‘It is a and fortunate 
circumstance that all these desitable qualities’ are associated ‘with cast-iron: 
in proportion to its tensile strength.’ This tiaturally 
and materially assists in determining the Proper ‘metal to'be 
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The factors which tend to give a cast-iron having the Bias: physical 


It is essential to. take nto ‘account ia ot 
the, shemicat of metal to be employed i in 


most important element in cast-iron is carbon. It is not 
say that all the physical properties of the metal depend upon’ the quantity’ 
of this element present and its ‘condition; the ‘value of the other elements: 
being in accordance with the effect they have on the carbon and the com 

nds it forms. 

porhe author’s experience leads him to the conclusion’ that ‘maximum ea 
sile strength is obtained with 0.6 to 0.8 per cent of carbon, and maximum 
transverse strength with 0.4 to 0.6 per ‘cent, total not 


The element ‘silicon is always present, ‘in ‘most 
whilst the influence. it exerts on the condition’ of the: carbon present, and 
consequently on the hardness and fluidity ‘ofthe’ metal, is!most marked 
As the quantity and condition of the ‘carbon: have: been: stated to be so 
important, whilst the effect of: silicon: on:this: element is so:marked,: it-is: 
clear that if a formula can be adduced that will show when these two 
elements are in the best proportions for any given class of work, a very 
important stage will have been reached. With this object in view, the 
author has adopted the following more or less empirical formula, based 
upon the amount of carbon ‘in’ the ‘has’ used it marked 


where Se = ratio of to. carbon, 
_ Sil = silicon, in Percentage. . th 


statiett 
The carbon and silicon are’ ‘itr’ best Diesel 
engine pistons and liners and all parts requiring highest’ tensile iephorod 
when. the value of Sc = 0.76 to 0.82, for water-cooled cylinder’ ‘hea 
maximum trans verse strengtly ‘whien ‘value of 


Of 


By many, ‘sulphur i is looked upon as the arch-enemy off ; 
but although its. presence makes the molten metal thick and, risen thus 
giving rise to blow-holes,, this element, in fair proportions—say, 012 per 
cent—adds, considerably to the wearing properties and stre 1; of the 
metal. In every. case, however, salphury iron must be cast’ as hot as :pos- 
sible if trouble is to be avoided... 


g 

i] 
i 


When the proportions of total carbon and silicon are those required for 
maximum tensile strength—as in the formula: givem+-the! proportion; of 
phosphorus may be as high as 1 per cent without! seriously. jeopardizing 
the tensile strength; in fact, with steam cylinders and!castings, requiring 
maximum strength and of complicated design the reduction: of: shrinkage 
and the additional fluidity of the metal due to this percentage will generally 

sult in a sounder casting, with fewer initial contraction strains. Where 
the fatio of silicon and carbon is idifierent from that which has been ati 
gested, the quantity of phosphorus becomes one of the vital elements and 

‘ must then be kept as low as possible. 

The dotlowing table, which contains, part of the information gleaned by 
the; author, from several’ years’, study of. British and; Continental results, 
goes show) that where 'the silicon and carbon are in the desired ratios,, 
the quantity, of | phosphorus,,present does not. become; so 

Per cent. Pee catty ‘Pehigents 2 


Puospliotls:. 0.52 0.33 0.59 0.54 1.34: 5) 0.54 °° Not over a 
Manganese... 1.44 0.72 0.99 1.08 0.28 0.97 Not over .5 
Silicon...... 0. 9 0.83 0.91” 0.8 0.77 
Results. Good, Bad. Bad. Good Good. 


bdn the !instances many. snare be. if 
sary—the “results in: iactual ;working, bore mo: relation to: either! ;the phos-, 
phorus or the: manganese. content of the metal, but were: elated to 


the: results suggested hy silito-carbon gatio, orlt 


nese, a. tendency” to harden ‘iron Doth, dineety 
causing, the.carbon to remain. in,the combined form, , a ie 
sulphur, however, it may act as a softener uni ting a, el 
ment and forming manganese sulphide, which rises Bans the top of the 
metal and passes away with the slag. The general properties of the 
metal—other than a tendency to chill—are fot materially affected so long 
as the manganese is not in greater proportion than 0.7 per cent. For cast- 
ings in the making | of which denseners are employed on faces which have 
to be machined, it is not advisable to have ‘more thati 0.4 sa cent’; other- 
wise there will be a tendency to ‘chilling. “As ‘manganese terids to ‘the re- 
moval of sulphur and the of 
off, under, rubbing, much of, this element. is not gastings w. ar 
to; 8096 when working under, 

ions,,;. bs 

 To,sum up, prop rtion ical elemen which 
dnthor has to parsons g engine 
and pistons are :— : 


Total carhon == 3to3.2 per cent. 

“UC! -Phosphoras’ not over't pet cent: 
Manganese ‘ot over 05 per cent: 1199 
28 Jom es *ize> od som viigive word tl. 


* Has never given star low tensile resulta)’ t 
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For: ‘cylinder. covers, which require to' be not quite so hard for wearing 

purposes, and which metal! with rather “less ‘coittraction’ is desired, the 
silicon can: with. he cent and the manganese 
to 1 per cent. sf 

After 20 years’ experience with this class at eG the anthor: finds: that 


’ the most advantageous amount of steel to be added to the mixture is 15 


per cent. Experiments with varying’amounts up to 40 per cent have been 
made, but with above 15 per cent the metal has a tendency to be too hard, 
which is very undesirable for this class of work. Further improvement 
will probably be gained: by the addition of some of the rarer elements and 
in this direction vanadium-chrome or nickel-chrome seem to hold out some 

WEAR.” 


here i is: toom for into disinte- 
gration and wear of cylinders and all rubbing surfaces of cast-iron. ‘When 
cast-iron is machined by the ordinary: cutting methods'there'is more of ‘less 
tearing away of the crystals. The tearing out of the softer ‘material pro- 
duces cracks or indentations and leaves the harder ‘constituents standing up 
in relief. The ‘degree ‘or fineness of the’ finish’ will’ depend upon’ the 
structure of the material and the speed’ at which the’ material ‘was: cut; 
generally speaking, the quality of the finish wilf be improved as the cutting 
speed decreases:'''The resistance'to wear undér working conditions depends 


-upon how far the crystals will resist breaking off—thus forming: a-hard, 


gritty, abrasive substance which’ increases ‘the ‘wear—or ‘will spread over 
and’ form’a highly polished surface. Grinding ‘of cylinder liners and piston 
rings, being less‘ drastic ‘and exposing Jess of the harder crystals, appears: to 
be a desirable method ‘of ' finishing these ‘artielés, ‘provided: every trace of 
emery be' retnoved. Where this is‘not ptacticable, ‘very slow’ cutting: speed 
and fine feeds for ‘fesorted to: with: the: object of 


Considering the enormous quantities of heat which the pistons and 
cylinder heads have to deal with, it is imperative that everything in the 
nature of cooling strains in the castings should be eliminated, so that the 
crystallization shall’ be’ in: its’ natural ‘formation, allowing free and ample 
expansion. As all castings are more or less subject to initial strains, it is- 
desirable that those having to' work under heated conditions should undergo- 
some heat treatment or annealing. It is to be’ feared, however, that fre— 
quently more ‘harm than good is done owing to'a getieral lack of knowledge 
of what is desired and of the results: génerally accruing from heat: treat- 
ment of cast-iron, and ‘to’ the the'crude’ in ‘which the heat treatment is 
performed. 

Whilst heat thelattnent of ast-iron temperature, affects thie 
physical properties of the metal, a protonged” treatment ‘at 780°C. ‘is 
sree ce as; ‘among’ other things; the: pearlite is then broken 
the: generally desirable: ‘physical: "properties: of the ‘metal \are 

troy: 

Considering the cooling effects the cylinder liner at 


and bearing in mind that it is less subject to initial casting strains, the : 


author ‘does not ‘consider ‘heat treatment’ of: these: parts necessary. Tt is 


essential that' the treatment: ‘shall be’ carried’ in a Properly’ 


furnace. fo alt brig ton brs 
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Two useful workshop tests—with the class of iron suggested—for. the 
guidance of the founders are:» ‘Impact. test and casting temperature, 
Whilst impact testing. is not. usually-applied..to cast-iron, it is, however, 
beginning to be used, on in connection ; 
work, 


DISCUSSION. . 


In the course of the discussion which followed the pada ‘of the paper, 
the President, Mr. A. E. Doxford, said the contribution was of great inter- 
est to those who had had trouble with Diesel engine castings. He knew of 
one case, in pre-war days, where cast-iron cylinder troubles were giving 
great trouble and the maker took cast steel instead, whereas another 
maker with the same trouble changed from cast steel to cast-iron. They 
had, however, got past that stage and the many papers read recently 
showed they were leading up to more scientific methods in the manufacture 
of cast-iron. 

Dr. J..H. Paterson considered that cylinder, heads, pistons and linings ; 
were three entirely different things and should be treated differently. A 
great many failures, in his opinion, were due to the fact that designers of - 
engines did not realize the difference in combustion which took) place 
according to the fuel intended for the engine. As a point of interest he 
mentioned that many. of. the castings from captured German. submarines 
came within Mr. Cook’s formula, abey were good castings; low in phos- 
phorus and high in manganese, 

Mr. M, Riddell said that one could aot over emphasize the importance 
of method in the foundry apart. from chemical.composition.. He. showed 
a number of slides illustrating how iron, of thesame chemical composition 
showedentirely different structures... The main thing, he thought, was that 
founders should rely more their processes. than’ upon chemistry. 

Mr. Cook briefly replied and. mentioned, that he. stood. practically alone 
in his attitude on phosphorus and manganese, but he could say, after 20 
years’ experience, that with his ideas he could produce results which could 
not be excelled or even equalled.—“ Shipbuilding and Shipping Record.” 


INTERNAL COMBUSTION ENGINES. 


Examination of metals or alloys entering into the construction of 
German submarine engines.. 

Publisher's Note We publish below the results of chemical analyses 
and physical examinations of metals or alloys. used in the construction of 
2-cycle engines (built by the * ‘Germania-Krupp Co.”) for several German 
submarines or “ U-Boats.” These results were obtained from specimens 
furnished by “La Technique Moderne,” with the authorization of the 
Minister of Marine, whom. we wish to thank very heartily. here; also Mr. 
_ A, Citroén and his laboratory chief, Mr. Godfroid.. To come back to our 
_ subject, in any future study of this, question of the materials of construc-. 
tion of German submarines, we will confine ourselve® to collecting the re- 
sults of research enterprises Sootmneel at ane: request, valuable to present-day 


projects. 


The principal were from samples of the crown 
_ of the piston, cylinder head, cylinder ‘liner, fuel needle, the scavenger 
valves and scavenger pumps, and the valves of the fuel pumps. 


f 

i 

‘ 

ii 

a, 

bs é 

j 

j 

| 

| 

h ’ 


NOTES. 


Following are the results that were obtained ; os 


1. Piston crown. ak 
(a) Chemical analysis. 
Carbon . 


“Hardness, Brinelt test, 140. 
_ The appearanee under the microscope is that! of homogeneous 
~~ carbon steel that had received no heat treatment. ' 
(c) Conclusion. 
The metal is an ordinary steel of the quality sous “half- 
mild,” having an ultimate gate of 68,000 Ibs, per square. inch, 
2. Cylinder head. 
(a) ee analysis. 


Lead 
(b) Physical test. 
Hardness, Brinell test, 100. 
The micrographs show nothing in’ sintloddees 
(c) Conclusion. 
Phosphor bronze with good friction’ qualities of average hard- 
ness as obtained with raw materials of 
3.: Cylinder liner. ~ 
(a) Chemical analysis. 
Silicon 


Physical test. 
Jardness, Brinell test, 164. 
e micrographic examination shows a gray eitiiieom, in which 
the graphite is distributed very uniformly throughout the 
structure and in which the amount of combined carbon i is about 
' 1 per cent. 
‘(c) Conchisien: 
Gray cast-iron very high in a’ in carbon, 
of a mixture approximating’ mene 
4. Fuel needle valve. 
(a) Chemical analysis. 
Carbon 


(b) ‘Physical test. 
Hardness, Brinell 163. 
The micrographic examination shows an. extra: mild, steel, not 
wing been annealed after machining. 
(c) Conslusion, 
Extra-mild steel with an ultimate strength of 54,000 pounds per 
square inch, either rolled or drawn to a rough finish. 


335 
Manganese ........ 0.47 Nickel ...........Trace_ 
Silicon ............ 0.24 Chrome .......0.. 
Copper 87.9 Zine 2.08 | 
| 
| 
Manganese .......0.46 Chrome ..........Trace 
Sulphur .......... 0.086 Tungsten 
| 
| | 
| 
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5. Scavenger valve seat. 
(a) Chemical analysis. 


Manganese ,... 0.65 Sulphur ..:....,.. 135 
Hardness, Brinell test, 105. 
f The micrographic examination shows a gray dasttton in which 
the graphite is uniformly distributed throughout the. structure 
i and in which the amount of combined carbon is about 2 per cent. 
: Gray cast-iron of the same composition as the i iron in the cylin- 
: der liner. 
Carbon .......... 0.35. 0.038... 
Manganese ....... 0.82 Chrome. race. 
Vanadium. . 30, 0... Trace. 
Physical test. 


The micrographic examination; shows metal. earlite uni- 
formly distributed with.a few impurities. ....,. 
Conclusion. 
Steel of excellent quality, of hardness, not heat treated. 
The micrographic examination shows a ace of enedeaea hardness, not 


heat treated. Ae ms 
4 Carbon ...:...... 0.72 Phosphorus 

Conclusion, 

Steel with a high — content. 
Valves of ‘Fuel’ ‘Pumps: nq 
Valve “Valve 
No.1 No.2 
40.40 ;Nickel ..... 

Manganese ..... 0.40... 0.59 -Chrome . 
Silicon. ........ 0.33.) 0.19 ‘Tungsten . 
A non-corrosive metal known, as. .“Nichrome” or “Chrome- 
if 10. Anti-friction metal. HOE b 
(a) Chemical analysis’ “°° 
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11. Lubricating oil... tied 
Viscosity “Engler” at 59 degrees F 
Viscosity Engler” at, 122 degrees 
_ Muidity. “ Barbey” .at 59 degrees F..:.... 
Fluidity.“ Barbey”. at 95 degrees F..... 
Fluidity “Barbey’’. at 122 degrees F........ 
Fluidity, “‘Barbey” at 212 degrees F....... .;,.... 31,730 cu, 
Trace of free carbon: 
Reaction. neutral, 
Did not resinous oil 
12, Fuel oil. igen t longs 
"Density, at.66.2 degrees iz 0.861. report 
Viscosity, Engles, st 59 F. 9486 
‘Viscosity, Engler, at’ 122: degrees F ro hL.0, Har 
The above results prove that the “Germania-Krupp” concern has deter 
mined with particular care the composition of the materials used in the 
construction of Diesel:engines:for submarines, in spite of the difficulties of 
renewing their stocks in Germany. We will show in future issues that 
this care is ‘one 'of' the most’ essential conditions for ensuring reliable opera- 
tion ‘of ‘this’ type enginés—Translated’ from Technique 
of ‘November, 191 ; 
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NON- “FERROUS, AND. Al ALLOYS ‘AND THE NAVAL 


‘Some oF THE DIFFICULTIES ENCOUNTERED IN” “Navan PRACTICR.: 


he inherent purpose of the Institute of Metals is.to join together those 
interested, in non-ferrous metals and alloys—that i is, metallurgical | scientists, 
manufacturers, and users of these materials—in research, in investigation 
of failure, and application for the advancement of the use of such mate- 
rials. one of the last-named class, .it is appropriate that my remarks in 
this address. should be mainly confined to the users’ aspect of ‘our work, 

d, they will be. given chiefly from the point of view of the naval tink 
That th this is an important phase of. the subject will be agreed, I think, 
when. it is recalled that the British Navy is the largest individual user in 
the world of non-ferrous metals. “The standards set by the Admir oot 
most of the metals required by them have always been high and to 
the Admiralty List for, the supply of these materials has, ie ae 
been regarded by manufacturers as a, valuable asset. ‘ 


It ‘and i ‘been suggested that it is somewhat arrogant for ‘hi 
Admiralty,,to insist.,on. such, high that, it is, to say, the least, 
extravagant to, decree that. the best: and the best, only.is good enough for 
the Nayy,; but I can assure you; that, although do, not always require 


| 
| 


the best, when we do ask for the best it is because the best’ is absoluteiy 
necessary, and, further, that if still better materials were available we 
should require ‘them. 

The position at present reached of ihe’ citmulative ‘endeavor 
during the last few decades is that in our latest battle cruisers’ we hope to 
obtain 144,000 s.h.p. on a total machinery weight (including water) of 
4,750 tots, that is, at the rate of 74 pounds per s.h.p., and our’ most recent 
destroyers have over and over again developed over 28,000 sp. on a 
weight of 32 pounds per s.h.p. 

When the'type of machinery is selected for a given ship, pe the vonieral 
features of the design are decided upon, the design in detail’ is proceeded 
with. This entails consideration of the dimensions, and reduction in™ 
weight is effected by increasing the stress allowed in the material as far as _ 
such stresses can be estimated or calculated: The’ Institute of Metals can 
take a large part, by itself and through its members, in assisting the devel- 
opment of naval engineering and other branches» of engineering where 
light weight is ‘the essential desideratum. It must, however, be realized 
that the problems are never ending; as soon as a ‘particular object is 
afresh. 


_ NON-FERROUS METALS IN MARINE ENGINES. 4 


“The montexialn, ‘used in 3 engine construction are chiefly i iron, and steel, on 
account of their high onenk and. relative cheapness., -In marine engines, 
and particularly in naval machinery, non-ferrous materials aré.more exten-. 
sively used on account of their greater resistance to the peculiar forms of 
corrosion associated with marine use. In certain cases such materials are 


. used generally, on account of their better heat-conducting properties. 


Our most important use of non-ferrous metals is in condenser tubes, 
and as we have these tubes at present in the Navy, we are, I think, fully 
satisfied | with’ what. our manufacturers, after years: of patient endeavor, 
have given us, except that we want just a little more freedom from sea- 
water corrosion. The investigators working for the Corrosion Research 
Committee of the Institute are doing great work in this connection. They 
have already shown us how improvements may be expected, and the results 
of their labors are being turned to practical account. You will shortly 
have an. opportunity of hearing their fifth report, which you will find, 1 am 
sure, of very great value. When they have succeeded in enabling us to 
remove from our minds doubts as to the freedom from corrosion of our 
condenser . tubes, we engineers. will assuredly be under an everlasting debt 
‘of gratitude to them. 

_ Following their suggestion, a set of tubes, pré-oxidized under their’ sys- 
tem, was fitted in one, condenser of a patrol vessel for comparison with a 
similarly manufactured, set fitted in the other condenser without having 
been so treated. Unfortunately for the comparison, both sets of tubés have 
behaved themselves quite satisfactorily so far, so that the comparison is of 
little positive value. As faras.our. opinion is,of interest, I may say that 
we, believe in, and are _strongly predisposed towards, the Dre-oxidized 
tubes. 

This trouble from corrosion of condenser tubes i is the sini preeinens one 
experienced the service; it is annoying because’ we feel we have got 'so 
near success, and also becatisé ‘of the serious Consequences of even: small 
leakages... , 
It has recently been recorded that ‘the Grand Fleet was as ‘very, mich, in- 


_  convenienced at times owing to leaky condenser tubes ; but it must be re- 
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membered that this cuts both ways, and that ships of all navies suffered 


_ from this evil. There is sufficient. evidence to justify the belief that pro- 


sted “CONDENSER TUBES IN GERMAN WARSHIPS. 


We have recently obtained : specimens -of tubes from some "ot: the ships 
of the German Navy. .A very. noticeable feature of the samples examined 
is that most. of the tubes are either tinned,or lead lined. The tinning.of 
tubes was. a common Admiralty practice ears ago when the circulating 
water was outside the tubes, and it was or 
ing the life of the tubes. .The external surface, could be easily completely 
coated with tin, but such a complete geagi is more difficult to, obtain.on 
the interior surface of a long tube of small diameter, even. with the 
greatest care; apparently should a small spot, be, left uncovered an intense 
action is set up, greatly reducing the life of the tube. I suppose the same 
sort of thing would occur with, lead-lined.tubes and other troubles at the 
tube ends. might reasonably be anticipated. For..this reason. such .tubes 
have not had much use in our SeLrER and. have, been totally abandoned 
for. many years. 

We, however, have great, faith in a “suitable covering of homogeneous 
quality, provided it is complete, such as the, pre-oxidizing method promises 
to be, and provided it will stand the SwORINE effects..of circulating water 
under conditions of normal. Service... 

In the latest sample we obtained, from one, of the newest light cruisers, 
there is no such lining or coating, and the tubes are practically of the 
British Admiralty: composition with a very small quantity of iron. 

The possibility of using tubes of composition different from those in 
general British practice has occupied the’ attention’ of many workers, and 
it is quite a legitimate field.’ It is well known to us that materials can be 
used which will be practically free from corrosion ; but to‘all stich ‘workers 
a word of warning may be useful, and that is that "freedom from corroston 


is not the only requirement in a condenser tube. ‘The tubes’ must not be too ~ 


expensive. The matiufacturets must ‘be able to draw them (practically and 
commercially, and they must comply with several other condition’ which 
are fully laid’ out, I think, in the “Adiniralty specification; with which 
members are fairly well acquainted. In addition, I would also advise 
prospective workers in this field'to read’ Dr. Hatfield’s recent paper ‘on 
season cracking, and reap the further benefit ‘to be derived selene perusal 


T wn quote is blading. bears 
eivbin blades were made of brass, which was conyenient in manufacture. 
The peripheral speeds’ and consequently the stresses were comparatively 
low, and on ‘the whole this material has given, and is continuing to’ give, 
good ‘results designs’ suitable’ for ‘its’ use’ With’ the “introduction of 
impulse turbines difficulties. became. apparent, They may have been due to 
the increase in the steam temperature attending the employment of a 
small amount of: superheat-or to increased stresses on the blades.of turbines 
of this.type beyond, the ordinary centrifugal stresses, or to. a:combination 
of the two... The higher stresses can be; met to;some extent 'by increased 
scantlings, buttas is ‘well known the ordinary: brasses fall off rapidly in 
strength»as they are: exposed to higher temperatures... 


material assistance in prolong- 
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.Phosphor-bronze blading therefore introduced for the high-pressure 
end of such turbines, and with the higher peripheral speeds of impulse 
turbines of, the geared type, the use: of; blades in which the! root cone blade 
are combined has been much extended for these designs. 

Tests of phosphor-bronze as used for this blading have shown. an siti 
mate strength of 23'tons per square ‘mch at ordinary temperature, and 
20.7 tons at 440 degrees Fahr. This is satisfactory as far as it goes, but a 
material is sought which, while yielding nothing’ to phosphor-bronze in ‘its 
other ‘qualities, will give a higher tensile strength and safely permit of high 
peripheral speeds where this would be of advantage, or alternatively re- 
dticed' blade scantlings . with its attendant advantages in respect to the tur- 
bine weight. 

‘Steelhas been considered and, although a highly ‘suitable ‘in 
most ‘respécts, ‘it has not ‘been’ considered acceptable owing to the kn 
risks Of rapid corrosion, under conditions almost peculiar to the aval 
service. ‘The Ferranti method, in whith a thin coating of ‘nickel is drawn 
over the steel blade, is known to ‘give blades which are in a satisfactory 
condition in a foreign cruiser after a. number of years’ use, and a few rows 
of such blades fitted experimentally in two torpedo-boat destroyers of our 
service ‘have also proved satisfactory. This system appears, however, 
only suited to blades of uniform sections, and has not, so far as is known, 
been applied to the other types: Our remedy appears, therefore, to lie in a 
non-ferrous material: ‘Monel4metal has‘many attractions, but we are not 
aware that the manufacturing and’ supply ‘difficulties have yet been satis- 


factorily overcome, although it has been used on a small scale for the 
blading of turbine auxiliaries: 


ALUMINUM + BRONZE FOR BLADES. 


“Dr. Rosenhain has. kind} brought to m notice bearing. on 
work in connection with processes Of | blade manufacture, and with the 
suitability of aluminum-bronzes for blading purposes. Sample castings 
have been made to his suggested compositions and worked tp by one of the 


firms specializing in. turbine blade manufacture into appears to be 


satisfactory blading; opportunity, is awaited to test it under actual running 
conditions, 

As is. well known, there are aspects to consider in with 
the suitability of material for blading. work, apart from the matter of 
strength; but it may be of interest.to the institute to learn that erosion, 
which appears to have been serious in some shore installations, has not yet 
troubled us. 

With the increasing use of superheat, we shall require the assistance oF 
metallurgists and manufacturers, to. give us materials capable of with- 
standing the high stresses, necessary with our limited scantlings, when ex- 
posed to high temperatures, and turbine blading will demand a great, deal 
of attention, In addition it will be necessary to review. the work already 
done in investigating the properties of gun-metal and other. alloys when 
exposed to high stress and high temperatures, and in all probability will . 
to undertake several other new And Anvestigations. 

of ‘our for ‘some years eee: 
made of manganese bronze, gun-metal propellers still existing in some of 
the old vessels.: The practice of using expensive alloys has been criticized 
from time to time, but such: special alloys’ are necessary for this 0 Set 
as they possess the several qualities required better than other materials, : 
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To obtain the best efficiency from.a. propeller of given. dimensions, it. is 


necessary. that, the blades should, be. thin; and : their surfaces: polished. 
should have, some difficulty in obtaining thin, blades in, sound, cast steel: of 
the large, dimensions required, surface: in: either | cast) or 
forged, steel could not. be..maintained in.sea-water. . Forged) steel: blades 
have. been fitted.and tried. in some.of.our smaller, vessels, but-serious prac- 
tical difficulties attended their use and they were abandoned.,many years 


ago. 

For some years a peculiarly. severe action, had, been: observed in the fast- 
running propeller blades of our light craft for which a cause could not be 
assigned. The. defects. which. developed were,at first attributed to foundry 
faults, perhaps with some justification, but when this factor wasi:surely 
eliminated. the effects continued. action:was: termed: “erosive,” but the 
location. of the defect :and: the mature of the deterioration of material, left 
no doubt that: the ‘action was.not:erosion:as the term .is generally :under- 
stood in marine, engineering; order,to,endeavor to truly ‘the 
cause. of this action a committee of investigation. was. formed: by: the Ad- 
miralty, which consisted almost, entirely of members: of, this-institutes 
late: President, Professor ‘Carpenter, and: Sir | Charlés; Parsonsi:took a 
prominent part in the consultations and ;experimenal:work, iand:/with the 
confirmatory assistance of eminent mathematicians ‘it was:con¢cluded: that 
the .action was-due:to enormous: stress’ produced::in local: patches in ‘the 


material set up by a sort of water-hammer action caused. by the collapse of © 
the. boundaries; vacuous spaces::in the water arising from: cavitation. 


The stresses, were such that.no material in»practical use:could stand’ the 
shocks and the cure had to be found: in. quite!-another:disection)4. -¢.; 


MG 


Fort 


of all descriptions of engines with complete success. Although some diffi- 
culties have presented themselves in the application of the principles to 
marine journal bearings on account of the need of. reversibility, they seem 
to have been overcome, and a design is in successful operation in two of 
the of, one of our torpedo, flotilla leaders, aggregating, 40,000. s.h.p. 
Some, work of, great importance, however, remains, for, the, metal- 
lurgist. e have had, not by any means, many, but: one,,on,two, failures, 
and the investigations that are in progress may indicate valuable improve- 


ments in our, workshop methods of dealing with beari: It js fur- 
the 


ther to be borne in mind that, presuming it to be oe that ¢ material of, 
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Very interesting. papers were read and discussed at, our last meeting at 
Sheffield on the subject of white metals—interesting because they showed 
that workers for different purposes were in the same field. To be quite oe 
candid, it is probable that the bearing metal problem. has lost.a great deal 
of the importance that formerly belonged to it, owing to the fact that the 
true principles of, lubrication so, long known. but,.not utilized have now 5 
been. applied in a manner, which can properly be described as revolutionary. 
: It has long been thought that the nature of the bearing metal itself was a 
minor matter, provided that the oil film between the rubbing surfaces 
could be. maintained ; and the problem before engineers for. years has, been ; 
how. to maintain that film-with the ever-increasing direct bearing pressures 
and. rubbing. velocities. Following the. mathematical. investigation the 
problem by Professor Osborn Reynolds some years ago, the practical solu- 
tion of the problem has been effected by Mr. Michell in no. uncertain man- 
: ner. It has been adopted unreservedJy in the Navy for the thrust. blocks 
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“the bearing is not of primary importance ‘while’ the’ lubricating film’ is 
maintained and actual contact of the rubbing metallic surfaces is avoided, 
immense ‘mischief may be done'in a very short time ‘should ‘the lubrication 
fail, and ‘to provide for such contingencies it is'’still considered eminently 
prudent by engineers to provide in bearing materials for such mishaps, 
and to this extent the me ond as impor- 
tant as it always has been. 


NON’ METALS Ol, ENGINES. 


A final ‘of the use of non-ferrous alloys will ne found in ‘the 
oil:engine. 

“In developing the: fast-running heavy oil engines a limitation was’ set for 
some ‘time to the piston’ speed, owing to the high*inertia stresses conse- 
quent:upon the weight of the reciprocating parts. This limitation has been 
to ‘a considerable’ extent removed by the adoption of pistons of aluminum | 
alloys, and it is probable’ that further developments inthis direction ‘can 
be ‘effected when we are more’ fully aware of the’properties of such alloys 
to withstand the effects of ‘high stress and ‘high temperature, and’as they 
are developed in conjunction with ow devices to give meee 
results in the matter of heat flow: 

With the view of reducing weight we are further consifiering the ‘use of 
lighter: working barrels: of ‘the cylinders by the: adoption of non-rusting 
steel, and this appears by experiments made in our laboratory to have been 
rendered: practicable by the ‘use of piston rings: made of ‘copper~zine a 
shaped:in ‘the! form of obturator rings. 

I have endeavored by means of a few typical examples to show! the 
manner in which naval machinery has developed, and may be expected to 
develop, in the future as far as the interest of this. institute is concerned, 
and the instances I haye given show, I think, that all sections can co- 
operate to advantage. There has already been a great deal of codpera- 
tion, but I have a feeling that it has been to some extent in two pairs. .I 
know that manufacturers have worked with engineers, and very success- 
fully ; I know that the metallurgist has worked with the manufacturer, and 
I believe with equal success. But the metallurgist has not been brought 
into direct touch with the engineer as much as 1s desirable, and if contact 
of this nature can be improved, it will be for the good of. engineering 
science and progress. 

Tt has been arranged, with the full concurrence of the professional 
chemists and metallurgists concerned, that our naval engineer officers now 
and in the future shall receive instruction in metallurgy, not for a moment 
intended to make them metallurgical experts, but to a sufficient extent to 
enable them to discuss their, experiences and their difficulties on a much 
more equable basis than has hitherto obtained. and 


CORROSION OF CONDENSER TUBES*” 


report ‘is confined to the corrosion of 
mainly 70:30 brass—and is a study of the practical hes of corrosion 


in condetisers under Service conditions, ei 
water. lti is divided into four sections. 


Fifth to the” ‘Corrosion Committee the of 
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‘The first section deals: with what has -beén- called: the diagnosis: of:con- 
denser tube corrosion. .;The procedure to be followed in withdrawing! and 
preparing @ tubé/ for: examination is described, alsa: the: symptoms orap- 
pearances within the:'tube which correspond) to each of the fivemain 
types into: which: the: practical problems ‘of corrosion under: fresh-water 
or sea-water conditions have been: classified:: The ‘importance: of « addi- 
tional ‘information concérning (a) the: water supply and (b): the ‘corroded 
tubes towards elucidating the cause: of: corrosion is shown and: emphasized. 
This information, which is: specified; has ‘rarely been obtainable inthe’ past; 
particularly-as regards’ the water supply, and this may partly account for 
the Jack:/of: appreciation of the importance::in corrosion troubles ‘of the 
conditions; existing, within the plant. These! conditions “vary 
very much : from time ‘to time,and shown that ‘although the’ -condi- 
tions, which favor accelerated corrosion’ may: be :préesent~ for but ‘short 
periods at irregular. intervals, and consequently may not be easily detected, 
the effect-on the tubes:may. still: be very serious. Also in certain’ cases:it 
shown. that ‘accelerated, ‘localized: ‘corrosion: may! persist after ‘initiating 
conditions have disappeared. Ht 

The ‘second: section devoted toa: in 
the structure of condenser: tubes, since am appreciation of these is of gréat 
value in: following the mechanism: of: the: types of corrosion: studied later: 
Attention is directed to the présence: on the tubes: of' a ‘surface 
layer. consisting of structureless and ‘highly! distorted: metal. This ‘layer has 
undoubtedly: a: greater résistance: to ‘corrosion ‘by saline and fresh ‘waters 
than the underlying crystalline: metal; so that: whenever this layer: is pene- 
trated corrosion will proceed at an increased rate. ‘The layer~has: been 
stripped: froma number of: tubes-of different composition. Its .thickneéss 
is tisually the: order: of 0.01 millimeters, and: indications have been ob 
tained : that somewhat different from. that of the - 
undertyihg: 

the third section: ithe types of brass condenser tube corrosion 
are considered separately) in detail. 

Type I. General Thinning.—This type may be as/an 
erated::form the complete: corrosion: which normally occurs saline 
solutions; in so’ far asthe tube is gradually and wniformly reduced in 
thickness, The rate’ of ordinary «complete :corrosion:is too slow to ‘be of 
any serious ;conséquence in-practice. Laboratory experiments with running 
sea water have: shown that ‘a period of fifteen to twenty years may elapse— 
even presuming: that) the rate: of: corrosion: is uniform and does: not !de- 
crease ‘with: time—before ia tube is: reduced 50 per cent in thickness ‘from 
this Tubes:always: fail in»practice by local action of! some:kind long 
before ordinary complete corrosion has seriously reduced the thickness of 
the tube» Rapid; general: thinning, however, ‘is essentially fresh-water 
phenomenon, and is usually associated with ‘the presence of ‘free acid in the 
water supply: The fesuits of tests on ten samples of tube of widely-differ- 
ent composition’ in ‘hydrochloric ‘acid: of ‘concentration '3: parts in 100,000.at 
ordinary, temperature: show ‘that in six: weeks all tubes had Jost ‘from 2 to 4 
per s¢ent»in thickness. Phat) such very: dilute acid: should feduce! the 
thickness of:a@ tube ‘so much ‘inssuch .a short time at ordinary temperaturé is 
ample ‘evidence: of ithe serious’ effect: of acid in: the :water supply >upon: the 
life-of condenser tubes. Proper neutralization, preferably at the source of 
contamination, is an‘ effective remedy: for this! trouble, ‘but:! considerable 
difficulty:may be expérienced! in: detecting the: acid, especially if} is’ gen- 
erally: the: case,'it enters the water supply: only intermittently. Regular and 
frequent: tests of: the) must ‘be made’ whenever: this: ‘type: of trouble 
occurs. 
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Type II. Deposit Attack~The principal cause’ of pitting which is the 
most frequent source of trouble ‘in: condensers is ‘ascribed: to what ‘is 
termed “deposit: attack.” Inthe: presence: ‘of: sodium: chioride: solutions, 
the: cuprous oxide formed on:a;brass’ surface gradually ‘changes’'to cup- 
rous,chloride. |The latter isusually:swept out: ofa; condenser*tube by the 
circulating» water, but under various: conditions may adhere different 
parts the ‘tube such adherence ‘has occurred, conditions 
now allow of the further gradual: change-of the insoluble cuprous: chloride 
under: the: influence’ of: oxygen to. soluble :cupric chloride ‘and “cuprous 
oxide. ; The action of: cupric chloride:solution on’ brass: is very! rapid) ‘as 
may be gathered from the fact that a: piece “brass ‘tube, 2 inches ‘long, 
‘in: a: strong cupric solution*at ordinary. temperature, was 
completely disintegrated and’ partially replaced by: a -pseudomorph"in cop- 
per‘in two days.’ The action involves the oxidation of the copper and ‘re- 
duction ‘of cupric’ chloride to!:cuprous chloride: Redeposition of copper 
from. solution’ by the zinc also: occurs. »In''the ‘presence ‘of air’ cuprous 
chloride: will again be converted to cupric'chloride and the ‘attack: onthe 
brass continued. Thus the action is both recurrent‘and: local.° Foreign 
bodies;:and particularly colloidal: bodies, lying in the tube have an°injurious 
effect by serving as loci forthe adhesion of cuprous: chloride ‘and by pre- 
venting the ‘diffusion of cupric’ chloride: Observations the: incidence 
and distribution of :pits in condenser tubes: are’ shown’ to‘ agree ‘withthe 
results which! would be expected to: follow from the above explanation: of 
the mechanism of pitting. Attention is drawn:to the importance of keeping 
tubes clean and as free possible from as: @ means of 
venting: deposit attack. 

“Type Layer Desincificotion:—An is to 
the consideration: of this type of corrosion, of the mechanism of so-called 

dezincification: ‘The «conclusion: is: reached that: true parting’ of «zine and 
copper in a 70:30 brass does not occur, but that the so-called residual: cop- 
per is: always redeposited copper. Dezincification is therefore only: appar- 
ent and not real, and the term is always: iphhebyuonthy employed by the 
atithors in this sense.) - 

The layer type of is: clqrecterisied by 
tion of the brass tube and reédeposition of: copper’ over: large areas; has 
been found to occur under both marine and fresh-water conditions.» Sev- 
eral: ways in which ‘such action:may occur:are indicated) Under ‘fresh- 
water conditions, it is often associated with acid water, aa if _ 
acid i is not too dilute and the access of oxygen)is not! very easy. 

Type IV. Plug or Local DezincificationThis type of local) ‘corrosion 
may be regarded ‘as a form: of deposit attack, as it:always proceeds beneath 
a. deposit; and is stimulated -by the presence of foreign bodies.: ‘It differs, 
however, i in many ways from Type II. So far'as is known, ‘it occurs only 
in'sea water—or diluted:sea water—and is always ‘associated with 
white’ salt, consisting’ of colloidal: zinc: oxychloride—also containing som 
carbonate. It-ts readily reproducible in the laboratory, as it occurs: sponta- 
neously: on ‘the surface:of: 70:30! brass tubes after immersion |in»sea' water 
at! elevated temperatures—40 degrees:'to' 60 degrees. C.—for 'a few:days; 
andis' ‘hence: rather more amenable: to ‘experimental study’ than the: pre- 
vious: types ‘of:corrosion: It is ‘shown that ithe: production: of the ‘right: con+ 
centration of! zinc in the liquid layer ‘adjacent: to: the corroding ‘brass ‘sur- 
face plays a large part/in the ‘formation of the:characteristic white oxysalt, 
and:that-inter ference: with the production of this condition, ¢. g.; by lower- 
ing the’ zin¢! content: of the brass: or by raising the zinc'content ofthe sea 
water, is’ sufficient: to: prevent: its occurrence. ‘They dezincifying' — is 
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thought to be due to a small concentration of hydrochloric acid contained 
within the colloidal white salt. The difference in behavior of different 
batches of 70:30 tube—some always showing local pre nar others 
never—persists after annealing or-pickling, or ‘both, and the regzon for the 
differente im»behavior i is still not‘¢lear. ES 

Type V.\ Wat tack.=In the of a brass. tube partially 
immersed in —sea-_wate increased jon—compared. to that of the 
immersed, porti on=tikes place, 1 hot at thé water line as is commonly sup- 
posed, above it, and sometimes as as 2 the air- 
sea-water Surface. Fu er, the’ jot \uniformi; ficentrated 
at areas \where salt deposits Hive and is Zwith the 
area covered by the: its. Natrow b of salt connect the “sea water 
with the deposits. This type of corrosion is obyiously a special form of 
deposit attack, taking place under the most favorable conditions, “inasmuch 
_as the attack beneath the dovodie is much more, severe than in any of the 
end of of corrosion is type of attack may occur ab the inlet 
end of tubés. éntangled air the sufface of the 
tube and prevented jeddying effects vent y by the 


water 

The off the report « of liminary 
work om, the tu *particular 
question investigated was that of the efficiency, of electro atecton in 
preventing deposit 4. ck by upric chloride solutidne, A 
of 70:30 brass tube made cathode:to strip iron in ano prié chlorid le 
solution is very distinctly attacked despite the gprall current passing from 


the solution to the brass. It is considered oe ge an electric cufrent slows 
down, but does not necessarily inhibit corrosion of a cathode. By raisi 

_ the current density sufficiently it is possible that all corrosion, even i ap 
cupric chloride nese may he: prevented. Experiments have shown, 


however, that.a‘c t as large as 20 1,000-square feet 
is insufficient to prevent a 70:30 brass tube from being rapidly corroded 
by such a dilute chloride as a one-twentyefifth rormal 
solution. me suggestions ‘are-made aie the usefulness of the elec- 
trolytic pgotettiom process-may xt by ‘special 
the early part of the lifé"of-at = the of 
tinuous lay of othe surfac 
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form ofyship’s rud- 


der ith is. of very e rudder, which is the 
invention of Mr..J. ot Lang ster, has been in use=for several 
years, arising: out of war.haye. prevented, up to the 
present, either its” proper. d or: publication of partic- 
ulars relating to it. The rudder: pelongs. tothe of sitnple-and effective 
devices whic’ ONCE they haye app’ to wonder 
whiy the application: not ‘made ears before. The whole arrange- 
ment, apart from the operating gear, which is simply a question of mechan- 
ical design, is shown in Fig. 1, and the simple construction there shown is 
sufficient to enable a boat to be steered, reversed, controlled in speed and 
: maneuvered i in any way from a single tiller, with ‘the engines running con- 
tinuously in the forward direction. The advantages of being able to do 
this will vary in different cases, but without enlarging on the matter at the 
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moment it is clear that complete and direct control from the bridge over 
all movements during maneuvering is obtained and further that all engine 
reversing gear may be eliminated. This latter point is of direct and imme- 
diate interest in connection with craft driven by internal-combustion 

Before dealing further with the application of the rudder, it. sit pe well 
to say a little more in detail in reference to its construction. “As shown in 
Fig. 1, it consists of two curved deflectors forming parts of a circular cylin- 
der and partly enclosing the propeller. The. deflectors are pivotted at the 
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top and bottom on common centers, and are capable of being swung to- 
gether in the same direction, or equally in opposite directions. me of the 
possible positions. of the two deflectors are shown in Figs: 2 to 8. One 
deflector is operated by the solid shaft A and the other by the hollow 
shaft B, through which A passes, as shown in Fig. 1. In ordinary running 
ahead the rudder would be as shown in Fig 2, the deflectors standing fully 
open and entraining the propeller race. Steering is carried out as with an 
ordinary rudder, the two deflectors moving together into the position, for 
example, shown in Fig. 6. Speed control is achieved by altering the angle 
between the deflectors. When they are partially closed, as shown in Fig. 3, 
part of the stream of water coming from the. propeller escapes between 
the deflectors and still drives the boat forward, but part is deflected for- 
wards and tends to have the opposite effect, with the result that the boat is 
slowed up, although the engine ‘speed is unaltered. By further closing the 
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rudder, as shown in Fig. 4, a position is reached in which the two re- 
actions balance and the boat remains stationary... By completely closing the 
rudder, as shown in Fig. 5, the whole propeller stream is deflected forwards 
and the boat moves astern. In general an astern speed about one-third of 
the full ahead speed is obtained. Steering astern is obtained by combining 
the two types of motion of the deflectors and obtaining positions 8 the 
type shown in Figs, 7 and 8. A complete idea of the construction of the 
rudder will probably be. obtained from the figures already referred to, but 

reference may also be made to the illustrations, figures 21, 22 and 238, 
which show actual examples fitted ‘to boats. 

The operating mechanism for the rudders, which has been very prettily 
worked out, may perhaps best be described by reference to Figs. 12 to 16. 
These show a gear of the tiller type suitable for motor boats and launches. 
The tiller, which is pivoted at the. top of the outer rudder ‘stock, carries a 
nut at the outer end which is operated by*means of a handwheel. The 
nut can rotate on the tiller, but is: prevented from traversing. In the 
nut a leading-screw works which at its inner end carries a vertical bolt 
which acts as.a pivot for two links which connect’ up“to” levers secured 
respectively to the inner and outer rudder stocks. This arrangement of 
links and levers is best shown in Fig. 13. It will be clear that if the 
hand-wheel is rotated the leading screw will be traversed backwards, or 
forwards, carrying with it the outer ends of the two connecting links. By 
this means the two lever arms are rotated together, equally, but in opposite 
directions. As these levers are connected to the two deflectors of the 

‘rudder by means of the rudder stocks, it is clear that rotation of the 
hand-wheel controls the opening and closing of the rudder and thus the 
speed and reversing 25 boat. Steering is carried out merely by swing- 
ing the tiller as a whole exactly as with an ordinary tiller fitted to an 
ordinary rudder. When this is done the relative position of the two 
rudder deflectors has no tendency to alter since the whole arrangement 
is rigid in any position of the leading screw. This tiller-gear is very easy 
to operate as we have found from practical trial. It reqnires no “learn- 
ing” and the maneuvering, reversing and speed-control of a boat may be 
carried out easily by anyone who may only have seen the gear on first 
trying it. 

In another form of this tiller gear, the opening and closing of the rud- 
der—the speed control—is carried out by lifting or depressing the tiller, 
steering as before being carried out by swinging it. It is unnecessary to 
say more in detail of this arrangement, as it is clear that its design is 
merely one of the applications of suitable links and levers. The boat 
shown in Fig. 23 is fitted with this type of gear. Before leaving the ques- 
tion of the operating gear we must refer to Figs. 9 to 11, which show a 
tiller head gear. for operating a Kitchen rudder of a heavier type and for a 
larger class of boat. An examination of these figures will show that the 
arrangement in effect is similar to the one already described. The gear in 
this latter case is intended to be operated by wire ropes, or chains, from a 
distance. .As will be seen, the levers fitted to the heads of the rudder stocks 
are retained and are connected up by links to traversing nuts working on 
right and left-handed leading-screws. ‘These screws are rotated by gearing | 
from the operating pulley, and it is clear that the rotation of this pulley 
traverses the nuts equally in opposite directions and swing the rudder as a 
whole to port or starboard. The opening and closing of the rudder to ob- 
tain speed control, and reversing is obtained by moving ‘the leading screws 
with their gearing bodily as a whole. This clearly swings the rudder stock 
lever arms in opposite directions and opens or closes the rudder deflectors. 
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To enable: this action ‘to be carried out the leading screws. and their gear 
are mounted on a sliding carriage which is able to. move along the main 
bed plate: The position of this sliding carriage is determined by a rock- 
ing lever, which is operated by a third leading screw which can best ‘be 
seen at the bottom of Fig. 11, This leading screw, is moved, to and. fro by 
a nut carried by the chain or wire-rope operated control . pulley. It will be 
seen that the two driving pulleys are fixed points, the pinion on the steering 
pulley spindle sliding along the spindle as the. sliding carriage moves. back- 
wards and forwards. Fig. 22 shows a further type of arrangement, in 
pro the control and steering wheels are mounted independent of each 
other. 

Up to the present the Kitchen rudder has been fitted toa umber of 
motor boats, Admiralty pinnaces, etc., driven by oil engines. pens 17 to 
20 show the arrangement as fitted to a '50-foot, 150 b.h.p,. Admiralty pinnace. 
It is in connection with such craft that the advantages of the rudder are 
most immediately apparent, in that it enables reversing gear, to. be dispensed 
with. The rudder is, of course, much simpler than a reversing. clutch, 
feathering propeller, or other of the devices which have been used, to 
enable a motor boat to reverse. Naturally to make place for itself the 
rudder must prove itself reliable, and in this direction it has a good record, 
no case of failure having occurred during its several years of trial. There 
is, of course, nothing i in the construction of the rudder to make one antici- 
pate failure. It is, however, not merely. as a substitute for reversing 
clutches and similar devices that the introducers of the Kitchen rudder are 
hoping it may prove’ of service. ‘The: flexibility of control and rapid 
maneuvering qualities which the rudder gives‘are of importance 'in cases in 
which’ reversing ‘in ‘an ordinary’ way presents a difficulty. . The control 
exercised by the rudder over the boat is so effective that a 25-foot motor 
boat can be turned on her own axis: 180 degrees in'20 ‘seconds, 
while the reversing action is so jowerte that its effect may’ almost be 
described as instantaneous. 


We have had an opportunity of ecienesiing! ‘some’ trials of’ tee’ motor 


boats fitted with the rudders, and were greatly struck with the maneuver- 


ing power exhibited. The steering control ‘was very powerful and rapid 
in action, while the reversing power was remarkable. One of the boats, 
25 feet long, running at 10 knots, was pulled up.as though she had run into 
a mud bank. This rapid reversing is probably due to the, fact that the 
propeller does not reverse, and consequently. continues. to operate in. solid 
water, At the moment of reverse there was apparently no strain on the 
ship’s structure. This is to be expected, as the conditions inside the boat 
do, not change Any. strain which comes, into. play must be taken by the 
rudder, and his raises the question of the ability of the rudder to stand 
the: work thrown on to it. Although the rudder may ‘be moved oyer from 
full-speed ahead to full-speed astern as quickly as the. helmsman is able to 
do: it, there is, none the. less no sudden: shock on the: deflectors, which take 
a measurable time to close, so that the water is deflected gradually from a 
full stream astern to a full stream ahead: A further point.is that the shape 
of the deflectors. in itself, gives-considerable strength... The, best: reference 
on this question of mechanical strength of the rudder. is, however, to prac- 
tice, and during. several years’ experience. with. instant reversing and com- 
Plicated — of every type mage is no record of a sani failure. 
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are given below 


“Ahead speed: 6.2 knots (sante as with ordinary rudder). — 
~ Astern speed! 2.02 knots (propeller full speed ahead). 
~ Full speed ahead to moving astern: 7 seconds. 
Full speed ahead to dead stop : “4 seconds less than half boat's 


speed astern to moving ahead:'4 ‘secorids, 

Diameter of turning circle at full speed ahead Chai, hard can: About 
one length of boat. 

aunch, 25-foot, 16 brake 1918). 

Ahead speed: 9.80 knots. 

Astern speed: 3.5 knots. 

ahead to dead stop: Boat: ‘up 23 feet ‘then 
a 
Faye: ahead to dead’ stop : Boat pulled up in 16 feet (one man 
a ar 

Time taken turning complete circle on own axis without progression in 
aiid direction: To Starboard, 33 seconds; to’ port, 26 seconds. 


‘Motor’ Boat, 95 Feet. 


Full speed. astern:: 2.2 knots, 
speed ahead-to: Head atop: 12 seconds (utled in, foot its own 


Fulb seed: sheed:te moving astern: beri sd neo 
to moving ahead;..6 seconds. 
Diameter of turning circle at full speed — (heim hard over): ® 
feet to complete circle, 43 seconds). sit sd 


he with rudder full ‘open was run over measured mile ahead ‘and 
afterwards over part'of same ‘course with’ rudd er ‘closed.’ Astern speed 
was ‘one- quarter to one-third of ahead “speed. astern speed, although 
not teat, is quite enough for all practical purposes: 

“From full speed dead: stop the was pulled up ‘in 50 feet 
(her own length). 

The stopping power ‘of the’ baat is vety much’ greater than the’ ‘astern 
speed would indicate.” 

closing’ the rudder to the position the boat’ remained tution: 
ary (with engines running at full’ spéed all the time); With the rudder in 
this position and the helm put hard over she described’ a circle about! her 
own axis without moving ahead or astern. © 

‘Closing ‘the rudder and giving her fall’ helm thie Boat deserter? a com- 
plete ‘circle, the diameter of which ‘was 75, feet, and the’ time taken 70 
seconds and ‘74 ‘seconds, port’ and starboard, respectively. 

‘The time taken to reverse with this Bear’ is “very much’ less than with the 
ordinary reverse gear. 

For maneuvering in and out of casita spaces the villas is ideal, for 
you merely start up your engine, which has only a straight drive ahead, 
and en = your reversing and stopping sg means of opening and closing 
the rudder. © 
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_Itewill‘be noticed that im some’ ofthe above récords of trials the ahead 
speed is’ ‘stated: to: be: the ssame as: that’ obtained with an ordinary! rudder: 
This has been the case in alleboats which hdve been equipped. ? We"believe 

nosboat) has’‘yet been built: purposely ‘to ‘carry a Kitchen: rudder! —As ‘the 
tudder can be' made 'to:conform to the streamline flow ofthe water aft, it 

is possible thatsuch a boat might show a slight improvement itv speed over 

a similar boat fitted with an ordinary rudder. The question of the fitting ' 
of the Kitchen rudder to a large class. of, boat is now under consideration. 

It is quite possible that even in steam vessels with ordinary reversing gear 

the speed and flexibility, of, maneuvering obtainable with the rudder will 

make it worth while fitting it for wse p ith docking’ and similar opera- 

tions. Nothing has yet been done, we think, ‘in eooronctte with twin- 

screw boats, but: we understand that) in such’ ¢ases: the rudder -deflectors 

would be built to embrace both propellers. * In conclusion, we should say 

that inquiries in reference to the rudder should“at presént be “addressed ‘to 

Mr. Gordon, H. Fraser, of 747 Royal Liver Buildings, Liverpool. A com- 

pany is, we understand, being formed to work the patent in the United 
Kitigdom, ‘and: the rudder: will be: ‘all 


SHIP ‘STRUCTURE IN RELATION 10.5 PRODUCED BY. 


1.—Trials lately conducted the Morosini in’ ‘Italy: “and on the’ Jena in 
Fratiée ‘have led’ to the cériplete loss’ of’ the ship in both‘ instances.’ "This 
fact, which in the first ease did not permit to ascertain’ ‘the 
explosion and in the second case must have rendeéfed the exdmination less 
complete, ‘cannot be! ‘said’ to encourage the fepeating’ ‘of tests of the: ‘ame 
nature: tit a anit itt 
The: significance Of tests in’ field of vessels 
ture’ is ‘very great’ ‘notwithstanding this, very tittle has been accomplished, 
due both to difficulties and: to: ‘expensive test... ‘The: is) 


eventually, render tess: ex 


tion of the effects: caused impact or the explosion of projectiles 
oe submarine weapons (mines, torpedoes, gymnotes) on the structures of 
ships. 

Theoretically, the law of mechanical. similitude can ‘also -be japplied. ito 
the dynamical effects caused ona -metallic: body. by the impact of: solid, or 
explosive projectiles and by the explosion of submarine charges. It can be 
said that: “If two mechanically Similar ‘structures are fired at with two 
similar projectiles shot at a oe speed and with similar explosive 
charges, it can be affirmed that the ‘ratio of the deformations, whether 
elastic or not, caused by the explosion of” the two projectiles are codrdi- 
nated to the similitude of the two structures.” 

And also: If two sittilar charges’ of explosives are imade to'explode i in 
two ‘mechanically similar places, the ‘consequent’ deformations similar.” 

Lastly; “If two similar guns must shoot similar projectiles'at a'similar 
speed, the chafgés, and’ ‘above’ at the of te: ‘explosives, ‘be 


t seems to me, therefore, that the following . 
adopted for other architectural problems cou 
¥ 
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| The démonstration! of these assertions is:a very easy ‘matter. » To! verify 
the’ similitude ‘law, consider’ what! conditions must be met: First, the 
second, the guns ; third, the explosives: 

First—If the the model to the ship. is:‘a:and> if E, R end: K are 
ee) modulus of ‘elasticity, the elongation and: the safety load,.the: material 


instance, steel, it. ‘be assumed 


Kgjem?; R = 6,000 Kgjem?; =1, 200. Kgjem. 
“It the ratio a= 1/10, the. ‘material possess : 
1240,000 += 600 Kgjem*; 90) 


~ Tt is ; not impossible to’ manufacture’ such a materiat; perhaps ian alloy 
consisting of aluminum, lead and copper would’ answer’ to the purpose, 
although it would have a specific weight very near that of steel. 

Second.—The similitude ratio of the testing guns and the structures 
must be the same; the projectiles must be shot with similar speeds, that is, 


if V is the real speed of the projectile, —Yz will be the initial one of its 


model, while, the ratio of the respective masses M and m is a* 

If the tests concern only the structures and not the guns: it is fat meces- 
sary that the.gun materials be similar... Therefore, the model of ithe gun 
may also be made of steel... 

. The velocity of.a projectile.j is subordinate. to. the unitary. pressure main- 
tained in’ the bore during the passage from the breech to the muzzle. 
Now, if the ratio of the lengths of the guns is,a, it would, be sufficient; for 
the ratio of the unitary pressures to be a. anywhere in the bore to lead us 
to the conclusion that the ratio of the ‘speeds of projectiles is ive di oath 


~The unitary pressures are ‘similar ‘if the ratio of the weight of the 
charges is o* and if the grains are similar. If two charges of explostyes 
‘and q, are made to explode in two similar volumes, Vo and vo, with the 

Dressure and p, the final pressures 


where is the volume of caused by the explosion of. 1 
sive at an If it must that: 


This result is not a. of the, Q @ 
are not similar weights,. but. weights which must produce riesilen volumes 
of gas.at similar stresses.) . 

‘The. grains: of .the charges: must. be. ‘similar. Senior Lieutenant 
Poma could assure me, his assertions on ‘data. obtained, from 
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numerous firing trials, that. in, practice this) very approximate. The 
charge of: a 305 millimeter gun’ with. initial. speed of 780 mi/s,, is 
therefore: 105 Kg. with the: grain, 'of the 9X 27 600 millimeters; 
the charge of a 30 millimeter: gun, derived; from the firing tables by; inter- 
polation, would result ds 12 gr., while, aonording to the said law, should. be 
10,5.gr. with.a similar grained. charge. 

Some trials made on this subject by our. able artillery expert would lead 
to the determination of coefficients just as, it is done at the 
Model Basin.; 

Third—The ratio of for the models of 
submarine ‘mines, gymnotes, etc.,-as already said, must be. a‘, In-the case 
of-gun: cotton: the grains have influence. whatever, even because it is a 
question of) deflagration, while in: the: gun there happens a combustion: 

Doubts could be ‘entertained that the unitary pressures developed in the 
models:are: not similar to those of the ship,.owing to the fact that the in- 
itial pressures are not similar, but are ‘equal to the atmospheric. pressure, it 

not to the model of say 1/10 at a pressure of 

“Tt is, however; easy ‘e see that ‘he. differences of the compartments 
pressures and the external Pressures are similar; ‘the deforma- 
tions are therefore similar. 

the — compartments are V Ve and and final pressures 


v’ 


Fourth—Elastic “defotmations ‘cdused “by static loads 4fe similar in 


similar structures. For instance, the elongation caused by the stress is 
expressed with: = 


+ 


OND 


In the case of impacts of solid cor liquid masses, as the kinetic enetgy 
of the striking mass must be identical to the deformation weer there 

_In effect, we have 


for the Ship M > = Ser" ser 
“for the Model 

2 2e/ 


Lastly, the law isimilitude’ concerns injuries and deformations 
past the elongation limit, inasmuch as the fracture loads are similar. To 
verify the efficiency of a protection structure against submarine weapons 
and against projectiles, we could build a 1/10. model. of; the ‘structure to be 
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tested, submitting it to the bursting of a submarine’ charge or the fire of a 
projectile. In this manner we would’obtain, with great approximation, de- 
formations ‘similar to those which’ would’ result on ‘the. real‘ structure: oy 
subjected to the shot of real guns fired with appropriate charges.’ 

~2—The exact application of the law of mechanical’ similitude leads to 
the necessity of using a material similar to ‘steel, that is, possessing an 
elongation modulus 2400 a ‘safety’ load K= 12 Kg/m.m. 
and a breaking load R= 6 Kg/m.m?)) 

The few researches I could make on this subject have proved to me 
that it is difficult to find a metal meeting said: characteristics. - Besides, 
even admitting the possibility of producing the necessary alloy, the building 
of the models would entail a special working process; depriving the experi- 
ments of that simplicity and; ‘above: all,’ that economy ‘which would have 
been ‘their main assets. 

~ ‘By studying only the effects of the bursting of sabmarine: charges ‘on 
hulls ‘of ‘ships, I have strived to find ‘the ‘ratios that should: exist between 
the charges and the' dimensions, ‘for the double purpose of: using’ for the 


model the same material of the structure to: cause in of 
similar deformations, 29494 


We can now demonstrate that: bug 

First—Qn two similar structures, the owrought: by. the 
bursting of two similar charges, the’ ratio of the weights of which Q and q 
would be o’, are similar to the ratio a when the materials of both structures 
are identical. 

Let two cylinders of the same material have! a "elo of V. and vo; a 
diameter of D and d; a height of H and h; a thickness of S and s, and 
having E as modulus of elongation and R as the breaking load. Let P 
be the initial unitary pressure. Let two ai, ‘atta 2 and q, burst 
in the interior of the cylinders, Let | ‘ 


If V’ is the volume of gas at ordinary pressure produced by the burst- 
ing of 1 Kg of explosive, we Pressures, “tes: the, explosion in the cylin- 
ders will be: 


and the ratio of of ithe: two cylinders will be because: 


where N and n are the stresses caused by, fluid in the bottom of the 
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2. By analagous reasoning we ‘could PTS that the permanent 
deformations must also be: similar, because the tna strengths are the 
same. 

3. If a certain amount of explosive produces i injury to “some. parts of 


said structure, the weight = =s & will ¢ cause injury to a similar structure 


in the ratio a, provided the poe of the two structures is the same. 

Let R be the tensile strength of the ge ive -In the case of the two 
similar cylinders, if the final pressure P _ Causes the‘ unitary eeease to 
reach the value of R in the first of them: 


Be ree 
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In ag words, if the first cylinder the-same thing happens in the 
second. 

4. If the explosion of two weights, Q and q, such’ that Q =a".q, causes 
the impact of two liquid or solid cihsbes, ci and n, against two similar 
structures, the ratio of the striking energies at the moment of the impact 
is a’, and, being same, the ratio of the effects of deformation is the same. 
The deformations are therefore similar. te ta 

Let us suppose that the explosion happens in two similar cylinders with 
an open side, in which there ply two pistons, M and m. As after the explo- 
sion the unitary pressures are identi¢al in both cylinders, the speeds im- 
parted to the two pistons will also be identical. 

If the two pistons be.caused. to use their energy on’ two similar struc- 
tures, the structures would receive the no "thdle stresses N and n 
and the normal bending strésses, Mf and mf. 

By equalizing the energies to the sums of the deformation wrought: 


MU? __ 2ER 


and as: 


are similar. 


Being necessary to test the reliability of one or more structures systems, 
it is advisable to build the models in a convenient size, for instance, 1/10, 
ee 20 m.,; which would result in a 2 M 

el. i 

As already said, the elastic and permanent deformations caused in the 
models by the explosion of submarine charges placed near the external 
plating willbe similar to those that would be caused on a real structure 
by..an-explosive charge one thousand times greater. fice 

This. procedure possesses anabsolute and relative value at the same 
time; relative because, if among, the various structure models tested one 
resists the explosion of a certain charge better than the rest of the models, - 
it is clear that the real structure corresponding to it will have the same | 
advantages over the other structures; absolute, because after selecting the | 
type of structure, it is possible to determine the weight of the charge 
capable of damaging it or the dimensions, the structure should have to 
resist to the bursting of a determined charge. == 

Now that the difficulty pertaining to the material, which, as it was said, 
may be common steel, has been:eliminated, no special devices or works are, 
necessary to conduct a practical test. ' 
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A -model is of the! 20M istructure:contained between two frames. 
‘The. terminal,;bulkheads: are madeof 10)m/m plates, because: must 
make up for the missing extreme parts of the ship. 

defensive: planking, : frames,: longitudinal bulkheads,: be 
built: according to the:1/10 scale; as: far as the: armored: deck, which, to- 
gether tothe main deck and the side plating, would constitute: the floating 
reserve necessary to prevent the model from sinking after: the explosion: 

model of; this -kind is: handled very easily. Tt permits the verifying of 
the effects, of the explosions, even should it sink; might serve for two 
tests, one;on each side; and, built; of »galvanized "sheet and substituting 
welding:to riveting, should this be — not cost: 
than, 500dire, 4 

From an economic statdpoint it is easy to see: that ; ai test ona motel, is 
more.‘advantageous: to! one: conducted on the’ real. structure: these tests 
could: furthermore: be made with a-relative: secrecy; which: would be oppor- 
tune if the. tests pertain to new! from “Rivista 
Royal. 
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LIDGERWOOD STEAM BALLOON’ WINCH. 


~The: Ladgerwoed Co. ‘has colibthactad 
driven balloon’ winch and ‘leading blocks for the handling of captive’ kite 
balloons on’ shipboard, with the object in view°of reducing to a minimum 
the ‘possibility’ the’ balloon rope’ being broken due to. sudden “jerks.” 


Duty—tThe winch bide a hauling-in pull of 5,000 at a 
200 to 300 feet per minute, with 150 pounds steam pressure at the paki 
If the steam pressure is lower: than 150 pounds the pull or speed will be 
reduced;.:: The winch standing still will support a ‘rope pull of 6,000. pounds. 
paReciprocating Parts-——The. winch is. driven byméans. of’ two! cylinders 
having ~8%4-inch; bore and 8-inch stroke, fitted with. slide valves of; the 
piston type, arid: will withstand a: maximum steam: pressure. of: 200 pounds. 
The connecting rods are drop. forgings. 

‘Control Valve.—Steam is. admitted to the: through a piston, type 
steam) reverse valve which is controlled by a single-hand lever. To, wind 
in the rope; the lever is' raised; To pay out the rope, the lever is depressed: 
This assumes that the. rope winds on thé top'of drum. The winch cannot 
be reversed: until the automatic: brakes are unlocked. |. 

Automatic Brakés.—Automatically' operated band: lined with 
burn lining are: fitted to:each' of ‘the crank: ‘disks; ‘The:-brake bands’ are 
made in: halves, the halves being held together at the top by a cam and bolt 
device, having: handle. ..In thé normal. position ‘this is: 
against the band, and the cam tightens the. brake band: . 

‘When! the handle) is up, the brake bands: are loosened, and the. 
may be: run: in either direction.’ When the: handle is down the brakes are 
locked: and the winch ‘may wind! in the rope.: ‘Before reversing: the 

to pay out the rope, these brakes must be unlocked. 

Drum Shaft -Assembly—-The drum shaft is | through. a sinide: re- 
duction: of: ‘spur gearing fromthe crank shaft. A drum, 32 inches in diame- 

ter with 17-inch’ face,‘is bushed and allowed» to: run’ ‘free onthe shaft. 
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The drum,is driven by:two complete metallic slippitig frictions, one upon 
each side of drum: These run dry and ‘ho must’ be allowed get on 
their surfaces. 

‘A set of composition! ifsictiog! blocks i is bolted tothe: gear on one’ ent tain 
to a friction headér (driven by a square: portion of! the 'shaft): at the other 
end of the drum: The other element of the slipping friction consists of 
two flat-faced steel rings; one bolted to each end: of the drum, which engage 
the composition blocks, The friction is set up in the regular manner’ by 
cross-key and cross-key collar. A heavy spring is interposed between the 
cross-key :collar:and: the friction header to compensate for the heat devel- 
oped while the frictions are’slipping: winch head is ‘keyed ‘to 'the out- 
board end of the drum shaft for —s purposes. Do wot ane the: oid 
to get on frictiom surfaces, 

Automatic Friction Set’ worm is: on: flange: 
This worm drives. a worm wheel which ‘transmits ‘its’ motion’: through 
bevel gearing toa sliding pinion ‘which, when thrown'in mesh’ with a gear 
fastened to the friction: ‘thrust! screw, tends ‘the ‘friction ‘as ‘the 
drum pays out the rope. Do not throw the sliding pinion in>mesh with 
hand wheel excepting when the winch is standing still. 

Rope Indicator —A vertical graduated indicator is also driven from the 
worm on the drum flange and indicates the amount of rope paid out. In 
putting a 2;000-foot rope onthe drum see that ‘this; indicator reads 2,000 
feet when the winding of the rope is first commenced. 

Tension Indicator.—-A. brass pin set in the hub of the ‘friction, handwheel 
serves as.a tension indicator, . When. the friction is, set, up, so. that, the, end 
of this pin. is flush, with the hub of the wheel, the. drum. will: resist ,a line 
pull of 2,000 pounds, before. the. drum will, slip. When the pin’ projects 
beyond the hub of the hand wheel, the friction is increased. to amount indi- 
cated by graduations marked on the pin. This indicator is at best only ap- 


proximately correct and should be corrected wear. 


are two general’ methods of ‘the rope: balloon: 
battleships; destroyers:and ‘ships whith have a large after deck! space free 
from: masts,:tall deck houses, etc., the rope'leads'through‘a special 
block direct-to the balloon. This is placed ‘near the:stern 
In the other case, on steamers suchas: merchantmen, ‘patrol ‘boats; 
etc., where there is generally a suitable straight spar, the ‘rope’ leads from 
the balloon winch first to a deck: block, located at the base of the mast and 
thence to a mast ‘head ‘block, ‘from! the top: of which: it) leads away: to’ the 
ballon: The object°of this*installation is: to allow the balloon! ‘rope: to lead 
in ‘all directions at an angle'of:45 degrees without fouling ‘the mast; rigging, 
deckhouse, or other obstructions: With such: installation, ‘the ‘hauldown 
block 'is used forthe purpose of hauling im on the balloon rope to 
the balloon basket in'a suitable'position' to change observers.:: 
‘Destroyer Type Deck Block»This block+is desigried for the’ 
allowing the balloon ‘rope to” lead from it in:any direction without danger 
of cutting or seizing the ‘rope. accomplish: this, two sheaves: are 
mounted in the same line frame’ c of :side:piéces 
and brasses ‘bolted to a swivelling bar. A bar bracket’ is mounted: on’ each 
end: of ‘this: bar: for: bolting! the-block ‘to :the:decks ‘The :block is:then»free - 
to lean to either side as'desired; “Eye boltsare set:in.each ‘side: of block 
near the top, to which» small ropes ‘may’ be»dttached prevent the block 
falling beyond 45: degrees to either side: The rope;:as it:comes from: the 
winch, ‘is ‘led directly ‘between two: small wooden ‘shoes placed in the rear 
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of the block toact as a brake, as will! presently be! described, andsup be- 
tween two sheaves: thence to the balloon: The-oil cupon the:block is 
provided: with:a wick. which: should be adjusted to fit against the tread: of 
work through the wick. 

The tread of the sheaves then being oiled, will i in turn lubricate the rope. 
The wood brake blocks are for the purpose of putting a tension into the 
line (when required) as it leads to the wirich. A slack tope ‘will not coil 
firmly on the drum. Therefore, should ‘the balloon rope become slack at 
any instant, these brake blocks may be sufficiently squeezed against the 
rope ‘(by throwing the: lever). The tension will then be set up in the rope 
as the winch hauls it'in.’ The blocks should be entirely free from the rope 
at all times, unless such slack occurs. As the blocks wear they can be 
turned, presenting four faces for wear.’ 

Leading Deck’ Block.—This block ‘is with the swivel: bearings, 
brake and oil cup featuresas previously described with the destroyer type 
block: The difference, however, lies in the fact that’ this block takes the 
lead from.the winch, the rope then going (usually) vertically to the mast 
head block. A second sheave (a small: one) placed above ‘the’ main 
sheave to insure the correct lead of the rope and prevent it from wearing 
against any guards, spreaders or side plates. Particular care should be 
taken in threading the rope through this block to be sure that*it is threaded 
exactly. This is important. Any: departure from the correct lead will 
invite a disaster. 

Mast Head Block.—This block (originally designed hag lashing to a 
mast) is to be placed at the highest possible point of the mast, “and re- 


Ceives’ the’ lead of the balloon rope coming’ direct’ ‘from the deck ‘block. 


The ‘sides 'the block are bolted to a vertical’ swivelling’ bar set in 
bearing ‘cast’ integral with heavy cast teat semi-bands.’ A special bearing 
is provided at the bottom bearing to take care of any downward thrust on 
the ‘block. ‘The block'is held to the mast by lashings (to be used only: in an 
emergency ) passing around the’ semi-bands. Preferably thesé should ‘be 
bolted or riveted to conventional mast ‘bands: It is essential ‘in this case 
also that the lead’of the rope should be exactly as shown in the drawing. 

Hauldown Block—The hauldown block’ is a ‘single’ sheave block having 
wood coveted sides to keep from damaging thie deck or anything it ‘may 
strike against. In cases where a mast head’ block is used’ the hauldown 
block ‘hangs ‘on ‘the balloon litte between’ ‘the mast head ‘block and the 
balloon. Side pieces are extended downward for attaching the hauldown 
rope. These pieces are made of sufficient length so that their weight will 
cause the block always to hang upright on fhe rope. Any piece of manila 
or wire rope capable of withstanding ‘# ‘pull of 10,000 poutids may be used 
for a hauldown rope.’ This is 1éd ‘from’ the tail of ‘the’ block to ‘any snatch 
block (large enough to stand a’pull of 10,000 pourids), on some open part of 
the deck suitable for landing the balloon basket. From this snatch block 
it is allowed to beled to any convenient drum’ or winch head which'may 
be‘used for hauling in the rope: The ‘snatch block and hauldown ‘Tope are 
parts of the balloon winch equipment: 

When the’ hauldown block is used’ in dontiection with the destroyer type 
deck block, it is hauled horizontally (rather than vertically) in the bight 
of the balloon cable. In bringing the-balloon down, as the balloon basket 
nears ti deck, it, is pulled in board to the desired position, by the. haul- 

down block 

The bearing of all sheaves. in all of the. blocks ’ are ogy Bi 
thereby being self-Iubricating, and should not be oiled, 
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bushing wears out and is replaced by some other type of: bushing, because 
the oil will destroy the lubricating properties of the metalline. Oil ‘holes 
with flush: plugs are provided in the sides ‘of the blocks to permit lubrica- 
tion of the bushing should any other bushing be 


‘SEFTING: UP. OF WINCH AND BLOCKS. 


The winch should be installed so that the rope led from the ey to the 
deck block (or nearest lead block), is at least 50 feet, preferably 60. feet, 
from the drum and. exactly opposite the center of drum... This direct lead 
of 50. or 60 feet.is. necessary for the proper spooling, of. the rope onthe 
drum. The lead of. the rope is to come.directly to the center line of the 
drum., The rope, in leading, to, the deck block, must lead. parallel to. the 


_ base of the block, and if coming directly fromthe drum, as is preferable, 


the rear end of the block must be shimmed to insure this correct lead. 

The masthead. block..is to be placed at the highest. possible point .on: the 
mast, so.that there will be no danger of the balloon.rope becoming entan- 
gled with any of the ship’s fittings, no matter what the direction, of | the 
balloon may be. The balloon ‘rope tends to swing around the mast head 
as in.a 45 degree free cone, as.it is impossible to. tell what direction the 
balloon will fly relative to the ship. 

When using the destroyer block. it shall.be. placed at the aftermost point 
of the deck t suitable for. such installation. This.-will tend to give. the 
balloon a clear sweep aft. There must be a clear space above, the deck rep- 
resented by an inverted cone of 45 degrees. 

Operation. of the Winch.—The first winches constructed had. the drum 


grooved for }4-inch wire, rope. The later winches had drum grooved for . 


3%-inch rope. If the. winch in question has 14-inch grooving and 3-inch 
rope used, then it will be necessary to splice on to the end of the 34-inch 
rope 412 feet of 14-inch rope.. This 4%4-inch rope will fill the groove in.the 
drum, but should not be paid off from the drum: The }-inch rope may 


then be wound on :the.succeeding layers in, the regular. manner. . Not over: 


2,500 feet of 34-inch, rope ‘should ever be used on Mark I winch, .. 

In starting to wind 2,000 feet of rope on the drum, the rope indicator i is 
to be set at 2,000 feet. Tt will then register zero when the full 2,000 feet is 
wound on the drum; for shorter, or longer lengths, the indicator. must be 
properly adjusted. When ready to wind the rope on the drum, set up.a 
slight amount jof friction by turning the top of the friction handwheel.over 
habe right. Be sure that the sliding pinion is not in mesh with the hand- 
wheel gear. 

‘Raise the reverse valve lever, and, the drum will turn in the proper direc- 
tion. for winding in the rope. When first winding the rope on the drum, 
it is essential that care be taken to coil this rope firmly and: closely to- 
gether. | It will take between five and six layers to coil 2,000. feet of He 

inch rope. Should 4-inch rope be used, 2,000 feet;may be coiled in) four 
layers. It is not safe to use much, more than 2,500 feet of 34-inch rope 
with this size of drum, as,the number of layers will become too great, and 
there will be danger of the oncoming rope. getting wedged. under brevion 
coils tone when paying out at high 


hs 


4 SOCKET on ROPE. END, 
a eye is spliced’ in the end of the rope’ dad 


to the balloon, and it will be necessary to lead the opposite end of the - 


rope through the various blocks from ra top down, before aid on the 
‘Tt ‘will be necessary to remove the wooden blocks 
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in the deck block in grder to permit any lashing on the end of the rope to 
pass through. An ordinary lashing, however, will readily reeve through 
all other parts of the blocks. If in reversing the winch to pay out the 
rope, the brake sticks and does not release readily, it is permissible to put a 
few drops of oil on the brake surface. After the brakes are released, the 
controlling throttle lever is lowered and the drum will pay out the rope. 
- After the balloon: is raised to required height the brakes are reset, so that — 

the engine may not be overhauled and the friction is set. up so that. there 
will be a: tension of 2,000 pounds in the rope before any slippage will take 
place, The control lever is then placed on center and pin inserted to hold 
phos place, thereby cutting off the steam, but holding it ready for imme- 

te. use. 

The sliding pinion is then thrown in tiesh with the friction hand- 
wheel gear. The balloon and winch may now be left to themselves. 
Should the ship speed up or the balloon encounter a heavy wind, either of 
which might tend to cause the stress in the rope to exceed 2,000 pounds, 
the balloon attempts to run away, the drum then starts to slip on its fric- 
tions and in so doing automatically sets the frictions up tighter until the 
running away. of the balloon is automatically stopped. : 

The rope indicator shows the amount of rope that is paid out and con- . 
versely the amount that is left onthe drum, and when the operator at any 
time finds the balloon too far away, he disengages the se pinions, 
turns on his steam and hauls the balloon in again tothe proper distance. 

If desired to bring the balloon down to change observers, steam is turned 
on and it is hauled down in the usual manner. As it nears the ship the 
hauldown block is put in operation and the basket of the balloon drawn 
down to a suitable point for the landing of the observer. After changing 
observers the hatldown line is first. freed, thereby. clearing the balloon 
from the boat. After that the automatic. brakes. are; released and the 
balloon to arise to desired 


DONT’s, 


"Don't ever have les than 80 feet direct lend f the Gf the tram 
to the nearest leading block. 
Pies ever turn steam on the winch while sliding pinion is in mesh with 
e gear. 
Don’t allow any oil to get in contact with the friction sunbeds.” 
Don’t forget to set the indicator at 2,000 feet before starting to coil rope 
on the drum. 
Don’t forget to release the brakes before trying to reverse the winch. 
Don’t start winch until the water is drained from cylinders. 
Don't oil metalline bushings in the leading 


| NAVAL ENGINEERING.* 
_, By,Commanner J. Evans, U.S.N. 


Naval engineering comprises not only steam and electrical engineering, 
but also engineering work of the Bureau of Construction’ and Repair and 
the Bureau of Ordnance. However, I will limit myself in''this paper to a 
discussion of the activities of the Bureau ‘of Steam Engineering during the 


* Delivered ‘before’ the ‘Philadelphia’ Section of the Soclety of Mechanica 
Engineers February 94, 1080, st Section of the American 
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World. War, from April 6, 1917, to November 11, 1918: This, on account 
of the fact that Iam more familiar anid the duties i oe bureau than 
with those.of the other 


ORGANIZATION AND‘ DUTIES or BoREAU oF ENGINEERING. 


Before discussing the activities of ‘tie bureat; it is advisable to outline : 
briefly its organization and’ functions, ‘The basis of ‘the bureau’s organiza- 
tion is, generally, as laid down in’ Naval Regulations. These duties are 
divided broadly into the upkeep and repair of existing ships, and the build- 
ing of new ones. * This naturally ‘divides into two ‘parts, that is, the ex-. 
ternal work of the bureau and the internal work of the bureau. This ex- 
ternal work consists of the codrdination ‘of this bureau’s work with that of 
other bureaus and offices, with commandants and industrial managers of 
navy yards, commanders of fleets and ships in commission, inspectors: of 
machinery, contractors for shipbuilding, ‘inspectors of material, contrac- 
tors for supplies, inventors and designers of improvements in mechanical 
and electrical apparatus and supplies; internally, the grouping of the related 
activities into divisions in the bureau, and the coérdination of the work 
of these divisions and‘of individuals in each’ division. 

The field covered by the bureau includes all that relates to the designing, 
building, fitting out, and repairing of machinery used for the propulsion 
of naval vessels, and this’ includes: all steam and internal-combustion en- 
gines, boilers, pumps, heaters, distilling apparatus, ‘refrigerating apparatus, 
all steam connections: of the ships, the bulk: of ‘electrical apparatus for 
surface ships, submarines, and aircraft, machinery for aircraft, radio equip- 
ment, and the generation ‘and supply of gas for lighter-than-air craft; also 
communication and submarine detecting devices.’ Part of the electrical 
apparatus on board ship is under the’ cognizance of the Bureau of Con- 
struction and Repair, this part’ being anchor’ handling gear, turret turning 
gear, steering gear, boat crane machinery, ‘ventilation equipment, some 
drainage pumps, machine tol equipment of carpenter shop, and equipment 
of galleys and bake shops, ; 

Other duties placed on the Barone of Steam ‘Engineering by the war 
were the repair and. fitting out.of the machinery installations of a number 
of converted merchant ships, and work entailed by ae snlgnmation of 


SUB-DIVISIONS or THE 
The is divided into several divisions, as. follows: 


Clerical, Personnel and Fuel , 
Design, Logs and Records, 
Electrical, ~ -Inspection of Materials, 
Radio, Supplies, ; 
Ship Repairs and Navy Yards, 
The Chief of Bureau’ of Steam 1 teering determines the 


policy, authorizes all expenditures, and. decides all important questions of 
detail, The Assistant Chief of Bureau handles routine business. of a tech- 


~ nical (except design) and administrative nature, supervises work and ex- 


penditures of machinery divisions of navy yards.and repair bases, and 
condition of bureau work at private plants. 

The Clerical Division is. charged. with the supervision of clerical, draft- 
ing, messenger, ‘of the bureau’as provided by existing 
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regulations, the’ care, custody and operation of correspondence files, the 

supervision. of matters, connected with the expenditure of atotmeaes” and, 
in general, all’ matter relating to the employment and' promotion of ¢lassi- 
‘fied employees for the bureau. and its outlying: offices as far’ as, ithe bureau's 
‘appropriations are 


Desiga Division is’ with thi! ef! ‘snl 
the’ cognizance of the bureau, except such patts'as are particularly assigned 
ta the Electrical and Radio Divisions; the design, construction,’ installa- 
‘tion, anid test ‘of boilers; engines, propellers, ‘and’all steam ttiachinery under 
‘the cognizance ‘of the bureati. ‘Tt recommends the’ type of ‘machinery to’ be 
adopted on ‘tiew vessels, estimates ‘the power required ‘for ‘the ‘propulsion of 
‘such ‘vessels, ‘and° makes the ‘genéral arrangement design 'for ‘the type of 
‘machinery adopted. In' consultation with the Bureau’ of Construction and 

it; it determines the location and size ‘of all ‘machinery compartments, 
together with the arrangement of ‘smoke’ pipes, uptakés, pipe passages, and 
the means of access to, these; draws contract plans and specifications; in- 
vestigates bids on alternative’ plans submitted by contractors and makes rec- 
-ommendations concerning the same! prepares, directions, for,trials of ma- 
chinery, and:makes recommendations as to payments on contracts as far 
meeting,,contract requirements is; concerned,; ‘This, passes on 
_ alterations of existing machinery under the, cognizance ofthe, bureau on 
all vessels. It also specifies: materials.and. their, characteristics for marine 
engineering. construction, supervision, over the. expenditures for ma- 
chinery, at, various building yards.and, manufacturing, plants,. supervises the 
work of Engineering: Experiment | Station.,at. Annapolis, .and.the Fuel 
Oil Testing Plant at Philadelphia, furnishes data to the Supply. Division 
for requisitions originated by the bureau, and: to. the, Division, of Inspection 
for! specifications on engineering material, and anakes recommendations on 
acceptance of important material,.when.-referred to) this: division, by the 
Inspection. Division;,;keeps record .of percentage),of, completion, of .ma- 
chinery on all ships building, and publishes same; monthly ;, handles all, mat- 
ters! in: connection..with changes, of..cost under contract; decides, matters 
relative: of. for extension’ on of 


21897 


Division, is charged, with. the ‘design’ 
for; all electrical apparatus, under. the cognizance o the: bureau,. except 
radio apparatus, and except main propelling machinery for electrically pro- 
pelled vessels: ‘Some’ of the items under the cognizance of this divisionare 
generators for power and lighting purposes, motors, controlling. ee, 
‘interior’ cormunication instruments! ‘switch’ boards, ‘search’ ‘and 
signal lights} all power, light and interior communication wite’and’ wiring 
‘appliancés ‘also mechanical signal’ systems tinder the cognizance of the 
bureat. “Makes plans and specifications for ‘complete’ €lectric: plants of new 
ships’ other than “electrical propelling ‘machinery.’ In -connéction’ with the 
Bureau of Constriction and Repair and the’ Bureaus ‘of Navigation and 
Ordnance,’ Has ‘cognizance of the wiring ‘plans’ of call ‘belt’ gyro 
gear,’ compass epeaters and fire’ ‘control instruments." BO J 
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The Division, i in, a ‘manne ivision, has 
cognizance. o of desi a test, aye, isin, and 


repair of all radio out ts on board ships, aircraft, and at. ‘stations. ashore, 
and submarine detection equipment. 


The Repair Division considers all matters relative to repairs of vessels, 
and, if necessary, consults with the Design, Electrical, and Radio Divisions 
on matters for to the records of 
engineering ‘material: an in an $ preparations for 
outbreak of »war.,,., 

The Personnel and. ‘Fuel, ‘Division, draws, up. s, for, 
the fleet, makes recommendations ‘as to. award of for for and 
supervises. its inspection. . Also, has charge. of tests: on. fuel in. connection . 
‘with Design. Division; makes. recommendations in regard. to., engine¢ring 
competition ; investigates and. ‘makes reports. on, engineering subjects not 
directly connected with, the duties. of other divisions, Makes. label 
of Navigation, concerning, engineering, Personnel, 


Loss, INSPECTION) SUFPLY, AND 


The of ‘Logs ‘and Records prepares forms ‘for use in: ‘the: en- 
gineering ‘department of vessels, receives, exatnines, ‘and comments: on 
‘engineering logs’ forwarded to the bureau, ‘and ‘prepares and’ issues ‘to aie 
‘service engineering information. 

The Division’ of ‘Inspection’ supervises’ the’ dnvspection ma- 
‘terial at plants ‘of various ‘manufacturers throughout the ‘country, except 
‘at such stations ‘or plates ‘where’ an’ itispector ‘of machinery’ is stationed, 
‘materials; 

The Supply Division’ requisitiotis fob re- 
lating to production ‘and’ expediting’ delivery, analyzes ‘bids submitted’ on 
‘requisitions and makes recommierdations ‘as ‘to awafd‘of contract, ‘after 
consulting with other divisions’ on the technical! features ‘of the ‘apparatus 
called for on'the ‘requisition, inte 

The’ Division of Aeronautics is’ charged’ swt the desigit and supply: of 
anid ‘apparatus for ‘aircraft; both heavier and ‘lighter’ than air, 
equipment of aircraft stations so far as the bureau is concerned, and the 
supervision of the supply of helium. 

During the war no changes in this organization were made, but the 
peace-time basis, which’  Fnaugu rated a humber of years ago, was 
simply expanded, one item of the expansion being the increase of offi 
‘on duty in the’ bureau: On April 1,’1927,'there were 35 officers’ on duty i in 
‘the bureau, ‘and: ‘on the date of ‘the Armistice 143 officers. ° 

; 


THAN: 700' PERCENT THE NAVY DURING THE "WAR PERIOD. 


At. the time of the entry: of the United. States into the. the 
navy shad about 350 vessels..of all classes, built and , building. , 
Armistice came, this had increased. over. 700 per.icent, and 
operating and keeping in repair 2,634 vessels of all types and. ‘lasses. v3 
these 783, were, vessels of. the regular naval, service,, battleship, cruisers, 
gunboats, torpedohoats, mine: ships, . submarines, ; submarine 

oast Guard, the thouse, Service,. the Coast an Geodetic etic Survey, 
the Fish Commission. One thousand four hundred and nineteen were 


converted ‘merchant! vessels, comprising troop. transports, mine sw 
repair’ ‘ships, tenders, hospital ships, patrol 
and ‘thirty-two |were wesselsiin the Naval: Overseas Transportation, Service. 
At the close of the war there were 350 naval vessels.in -service;in Eur 
‘pean waters. : ‘There were! under construction ‘or :contracted. for, 627 vessels 
‘of all-classes, arid) 28 additional! vessels ‘had been ‘authorized, but not, con- 
‘tracted for. Some of these vessels were; being: builtby,.the varieus. navy 
yards, but the majority;of them were-at: private plants.and, were under the 
4nspection of inspectors designated: by. the bureau. Qn, the basis .of dis- 
placement the 2,634 vessels on the navy list on November 1,.1918,, pa a 
displacement of 1,804,181:tons..: The 627, being built: or contracted, for had a 
‘displacement ‘of! 1,247,494 tons, while, the. 28 but not yet con- 
she st banwo vietsviig bag ite Gel 
The above gives a fair idea of the expansion of ‘the ‘naval 
likewise of the volume of. work necessary by the bureau to maintain 
vessels sa for active duty, to complete those building, and to complete 
the design of-those authorized... In.considering, the volume, of, work, it 
must be remembered that a number, of the ves 
dtawn: from: privatesoarces were; in,ja. state. not best fitted for 
and had: to-be converted) and. extensively, overhauled, 
such service. ‘To handle. the, building and; repair w. them for 
for this; large: increase, very, extensive ancrease,. of ilities at. the navy 
yards and-certain, private, manufacturing plants were tall navy 
yards the plants of the Machinery; Division were, increased. to a ‘large ex- 
itent,,this being; particularly the case at. New York, Mare Puget 
where provision.was, made, for handling work, of the, heaviest ,char- 
acter, and..at the Philadelphia. Boston, and Norfolk Navy. Yards, wher 
new machine shops,and-foundries, were buil hteen bases mers estab 
lished in ‘connection with the dl yards, for the repair. and maintenance. 
the machinery. of gunboats, subm arine; chasers, submarines, patrok 
‘vessels Moing -duty solely on the coast.,, 
For repairs-and: supplies. to, vessels, overseas, five. major: apd two minor 
“repair. bases, were established,, three ji in, one, in ritain,, 
‘Gibraltar, and, two minor ones. inthe Mediterranean 
these: repair; ‘bases ; by,|.six, repair, ships, 


did excellent work. aidt mt tots! movig od eqide Istiqgs 


INDUSTRIAL REQUIREMENTS OF THE, BUREAU. 


additio: ount mey was expended under the 
‘private te plants Or in and equipping. new, ones to speed 
up the, construction: of machine hae idea of the amount of this exten- 
‘entirely under the cognizance Bureau of 
‘Consolidated Safety Valve Company, Sturtevant 
‘Edwards Valve! Company, Gristom-Russell: Company, 
‘Buffalo Naval: urbine-Shop, Camden Forge Company; at 
Providence Navab Boiler Shop, General Electric ‘Company, Erie: 
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"During the war the aeronautical work under the bureau jumped, from 
‘practically riothing: to huge proportions, ‘as,;:for example, during, the 
‘period covered about! 8,000 ‘aerdnautical engines were ordered, of which 

electrical» work of the bureau: increased proportionately with the 
‘iherease in: vessels, and, in addition to the general overhaul of electrical 
‘equipitient of merchant. ships taken over» by the navy, the fire control 
‘systems’ of' practically ‘all fighting ‘ships were remodelled: and :improved, 
‘and, on ‘vessels drawn from’ outside sources, necessary signalling apparatus 
‘Tn radio’ work the wart’ placed on ‘the bureau the work of. outfitting with 

“radio°équipments ‘all vessels taken over /by the navy, and also on.a large 
number of vessels of the Shipping ‘Board: and-Ratlroad ‘Administration, 
also all Government and privately owned radio stations were placed under 
the navy, and for the’ upkeep ‘ofthese stations the: Bureau of Steam 
‘Engineering was responsible. 


of blinds NEW. CONSTRUCTION 


Capital Ships—Wotk on the regulat' navy building program was, during 
‘the war, subordinate’ to emergency ‘construction. ‘White! work was con- 
tinued on the construction of electric’ drive machinery’ for the battleships 
Tennessee and California, it was gteatly’ curtailed’ ory ‘the ‘machinery’ for 
other capital ships and was wholly ‘suspended on the*scout cruisers since, 
“for the moment, their Wee could be taken’ by'the destroyers: The’ battle- 
‘Ships Mississippi‘ and New Mexi¢o*were completed and commissioned) and 
work on a ‘third, ‘the Idaho, was'‘carriéd” out ‘almost to completion ‘when 
hostilities ceased. The main ‘propelling’ machinery’ of ‘theTennessee’ and 
“California was practically completed’ at’ the’ works’ of the! manufacturers, 
“but as construction of these vessels had been delayed by other work, it-was 
“hot installed, “Main” propelling’ machinery '(eléctric)“of the type installed 
on the’ New Mexico; been adopted ‘asthe’ most ’suitable machinery: for 
‘Capital ‘ships, and’ is’ to” be ‘installed’ in battleships’ ‘(other than’ the 
_Tennessee and California) of 30,000 's:h.p; each, ‘six battleships’ of 60,000 
‘ship: each, and ‘six battle cruisérs of 180,000’ s:h.p. each: Since’ this deci- 
Sion ‘was ‘reached during’ the ‘war ‘and ‘the’ plans for the machinery of these 
required a gfeat déal of study’ atid’ planning during: the’ period 
“covered, a short ‘discussion of electric’ drive’ and’ reasons for its' adoption in 
naval capital ships will be given later in this paper. 9 1) -))//90x0 1 


"UNPARALLELED EMERGENCY CONSTRUCTION. 
Destroyers.—In_ ships built and building, the United’ States has ‘now a 
larger force of destroyers than that of any other navy. This increase has 
‘not been gradual, but has been obtained by giant jiies ‘within a year, and 

made necessary by the appeal o ies for ships that could ‘drive 

de by th 1 of the Allies for ships that could dri 

¢ es to, England and the continent. The 

acuteness of this situation—lack of destroyers by the Allies at the tine of 
our entrance into the war—has been told with much: force by’ no. less:'an 
authority than Admiral Sims im his articles that have appearéd récently. in 
magazines in this couhtry—the details of which are:no doubt familiar:to.all 
present. A destroyer is the acme of specialization in high powered, small 
space, light weight per horsepower‘éngineering, and the difficulties encoun- 
tered in the quantity production of these boats)-which are’ modern all 
respects, has:no: parallel:in' warship ‘construction anywhere or at any time. 
On November 1, 1918, we had built or building 330 destroyers; of these 92 
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wétre in commission, and: 238. were. undef. ‘construction,-with prospect,.of .de+ 
livery of all within a>few: months, A :number ofthese mew destroyers. 
were authorized: August: 29, 1916, 84 by act.of, March 4, 1917, 192. by act,of 
October 6, 1917, iby actiof: July.1, 1918., Destroyers "No. 75 to 94, incly~ 
sive, were contracted for before the war, and! No.) 95; to, 185, were, let. in. 
small'gtoups. No. 186 to! 347, were. contracted.,for in large groups; 
was with: the difficulties were, met. ;.. 


When these contr _ were aw: are. destroyer construction was given 
precedence over all other Sone ‘but it was seen that new facilities for 
building would have to be created, eapecially, as, in addition to the. Or the 
of. plants, there. was, a lack of enthusiasm among. some of 

uilders. 

veral conferences, were “held at. the Navy, Department between ‘ship- 
builders. and. representatives of firms boilers, pump. 
blowers, forgings, etc. When these conferences began the speed decid 
on up to that time was 28 knots. A subsequent change, to 35 knots ‘compli- 
cated the problem immeasurably. For example, it meant twice the boiler 
capacity, and, with. boiler, tubes already, becoming difficult to obtain, the 
problem as to tubes alone was one of considerable proportion. x 

Perhaps. the. greatest: difficulty met, with was, in;, obtaini forgings: 
Twenty-eight knot speed allowed the use of solid forgings w ich could 
readily be obtained, but the 35. knot speed required, hollow. torgings and 
for the manufacture of these there were only two large firms, neither of 
which was anxious for the work, as they preferred to make ordnance 
forgings... It was contemplated completing the destroyer program in 
eighteen, months, to do this, it was clear that a in, the 
forging facilities of the country was necessary. 

The shipyards were, -with, work for both the. navy Emergen 
Fleet Corporation, but after several conferences with the gba ers it 
was decided to allot high ant Boe gf the October, 1917, pr to, the 
Newport News S. B. gg (20 boats), New ‘Yor _Shipbuild- 

ing Company (20), ses & Sons Ship and. Engine Pilg Com- 
(25), and Sti Corporation (85), which last were 
to be a sel sas ore River Plant and the West Coast: Union Iron, SYP 


_ ENLARGEMENT OF PRIVATE PLANTS. 


To build the hulls it was ‘necéssary for’ Fore River to create a new ship- 
yard 4t Squantum Point, near, Boston. As the Fore ea shops could 
take care of but few 'sets' of machinery ‘of the 45 dest be bailt 
at Squantum, it’ became necessary to build'a shop for’ the’ gla crag of 
turbines at Buffaloand another for boilers at’ Providence, 

At the Union! Iron Wotks a-néw''shop had beet ‘erected’ ‘Alameda 
facilitate the of destroyers already ‘under’ contrdct; and it wag 
hoped that ‘this shop’ would also be able to’ handle the machinery for ‘the 
additional forty ‘boats to be built; there, ‘but it’ finally became’ necessary’ to 


contract with the etal ‘Electric Company . to convert a new shop, 


then building at Erie, Pa!'to ‘the’ special purpose of uf turbin 

for ‘the’ Union Tron Works": boats, 
the destroyers at ‘Newport News atid amipany aid’ New 

York Shipbuilding Company the’ tutbines’ were for’ with ‘the 
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Westinghouse’ Company, who ‘sublet the most important: Portion Ofothe 
to the Alfis-Chalmers Company, of Milwaukee... 

Newport News‘Shipbuilding Company the was) most 
but finally it was°arranged to ‘have 'the. at one and the 
‘done im’ thtee others. 

‘The boilers’ for Fore! River ‘boats: wert: built: at the Naval: Boiler 

, Plant at Providence; those fot Union Iron Works’ in San Francisco, and 
those for the other firms at the Babcock and Mh es isabel where it 
was necessary to greatly enlarge their facilities. ; 


was t6 ‘Bet pumps “unless: the 'to 
enlarge existing plants, and Blake’ and Knowles Pump Works was ‘the 
one. decided on, the works at East ¢, Mass., was almost ‘en- 
fall this” ‘Tatter 


Compatiy to ‘the propellers. 

The; works of th Vergne Machine Company, New York City. 
bought to manufacture the turbines for” _ Cramp 

estroyers. 

"The turbine reduction gears were manufactured by the De Laval’ ‘Steam 
Turbine Company, of Trenton, and by the Falk Company, of Milwaukee, 
the latter Pre being enlarged’ to. take care ‘of ‘this work, also by West- 
Company, General Electric ‘Company, Parsons, and Mare 

land. Navy Yard. 

Other smaller, establishments were equipped by, the Navy: ‘Department to 
produce the material; among them were the Edwards Valve 
Company, Chapman Valve Company, ahd, the Wellman-Seaver Morgan 
Company, which last manufactured many of. the condensers and much of 
the sheet metal work. 
The cost of financing these industries has been estimated at thirty million 


‘dollars, 
SO TY 


were. of a, st d. tested, design a and 304, chase were. placed in. commis- 
sion before July 1, 1918, Standardization .of design. was carried out: to, 
fullest being exact duplicates. . “These boats are, 77, tons dis- 

110. feet, long, 14; ise 8%. inches beam, and 5 feet 534. ine 
y are, engined with standard, en, three, shafts, 


using gasoline. as f Type is -four.cycle six cylinders, cylinder diamet 
,11, inches, and total horsepower. of all three 

is, their esigned, speed is 18 knots at 55-ton, Fifty, 

these vessels were a a to the French government and a lye ny 

of. those, by) vy, have seen service abroad. on, the 

coast,of, Russia and in. iterranean...|, guiblinda tt 


_ Blowers were built by the Terry Turbine Company and the Sturtevant 
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Eagle Boats.—These interesting: little boats, the. building of which was 
undertaken by the Ford Motor Company, were modified destroyers. Their 
machinety ‘requirements were dnusual, First; it ~was: essential that ‘alt-ma- 
chinéry’ be ‘tloiséless ‘and ‘'vibratioriless second; that it should: be capable 
of ‘being’ instantaneously and third; that it should be»so’ 
as to permit of its rapid production ‘ona’ repeat” basis by inexperienced 
shipbuilders. “The* design ‘adopted! was most’ successful. «Express 
water tube boilers were’ specially designed, also an impulse turbine to drive 
the propeller shaft ‘by planetary reduction’ gears. Rotary pumps ‘were 
used forall purposes where this type: practicable.» These plans -were 
drawn’ up by the bureau ‘in record time. These boats are of 500 ton  dis- 
placement, ‘length 200 feet 9 inches, draft»8’ feet’ 6 inches, speed 18 knots. 
Oil fuel‘is ‘used forthe boilers, There are two boilers having:4 total h.s. 
of 3,000°square feet, and the ‘horsepower of: 
total weight’ of machinery 77.73 tons.) 

Submarines.~-Duplicates of pre-war’ boats were built to: meet. the, de- 
mand for‘ emergency construction. “The numberof submarines -increased 
37 built on January 1); 1916, to 87 built: 19189, and: 84 
building. 

Converted® Merchant’ Vessels—On ‘twenty: German vessels 
fitted ‘up°as' ‘transports’ by the department, this bureau was required to 
install new ‘refrigerating equipment, “evaporators; ‘distillers, and additi 
pumps.’ Three ‘hundred and ‘sixty-three) vessels! of the Naval Overseas 
Transportation service were similarly equipped. All of the vessels: of the 
lake type required the installation of low main injections, asthe main in- - 


AND UPKEEP WORK. 


Diiting thie whole although die’ ‘navy over 33000 
oil. no one of importance’ was laid’ up’ permanently for repairs: ‘The re- 
pair and thaintenance of the 350 vessels in‘European waters was no simple 
matter: ‘For this work ‘the bases previously mentioned were established: 
Referring again to the six répair’ ships, which were provided, these proved 
to be of the greatest value 1o the fleet in the war area. Without the repair 
ships the destroyers’ could not have maintaited the wonderful record they 
established of being, always ready...We shad an average of 50,destroyers 
serving nineteen months. in es aig waters, One record case of work 
done by a repair ship was. the retul of the. boilers of a destroyer in nine 

days without. removing. the boilers rom. the ship. The destroyers were 
a periodic five-day overhaul.period, and the strict observance of 

rule had much to do with the sarctee of the destroyers. For example, 
ee boilers of one destroyer needed retubing, and this was done without 
interruption of her convoy and patrol duty completing one side of a 
on, one repair. period, the other ‘being, on the following 


gffciensy. of, ‘the, ‘machinery, divisions ‘at the various navy yards and 
eau s wo! ing r y:. mac t e 

of the conversion and, repair sels of all classes, 
work being under the Bureau of Steam, Engineering, 


, 
; 
{ 
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-ethaps: the item: of- done. by. the bureau 
repair of! the ex-Getman ships damaged, by the. vandalism) of, their, 
‘When’ the, United. States ‘entered the -war,there |were, in. all, 103 
pana ships seized by our Government, of. this: number about, 50. were 
turned over to the navy by the; Shipping: Board. for ‘repairs. The major 
damage’ inflicted was breaking of: cast-iron parts; of the: main) engines, 
chiefly the: cylinders: ‘In: addition, boilerswere burned, out by, dry, firing, 
boiler ‘stays, connecting; rods:.and piston rods, were sawed, through, and 
many ‘minor. items of damage:werealso found. .1n considering this, matter 
it must ‘be ‘borne in:mind) that: the; engines.of these ships had. not only. been 
damaged, but; that! normally they should have, been in poor condition, since 
the ships had been lying: inactive in various American ports for three: years, 
with very inadequate upkeep during. that: period..,, Hence, - deterioration, 
as well as damage had to be corrected, and no drawings or plans,.of any 
kind were -available.. The«steps: taken to. repair. the, vandalism. were so 
effective that less time: was consumed in:making these repairs than: in the 
general overhaul necessary. 

The chief problem that: confronted the bureau was ‘the repair. ‘of the 
broken ‘cylinders of the reciprocating, engines. . It. was. estimated; that; it 
would take ‘eighteen months to: replace these cylinders with, new ones. On. 
the report of Captain E, P!-Jessop, then Engineer Officer of the New. York 
Navy: Yard, supported iby Admiral,G. E.'Burd, the Industrial, Manager. of 
that yard,: the bureau decided,: and immediately .issued ‘orders, to make..re- 
pairs where possible by electric or. oxyacetylene welding, and. when welding 
was impossible to resort to mechanical patching, that is, to use “soft 
patches ” secured by body bound bolts. A few of the large cylinders were 
repaired by oxyacetylene. welding. However, on:account of the necessity 
of removing the cylinder from the engine this method was abandoned 
and electric welding resorted,to,, Much criticism, was leveled at the bureau 
for using these welding: methods, by,not.a few engineers and shipbuilders, 
but. the results obtained have justified the procedure. in every. The 
vessels were put, in.service a year: before the hostilities ceased,. and. 
operated, withaw mishap, due: to, the, methods, emp loyed. ., 


RESEARCH ‘ane, ov A NUMMER, OF 


United 
which, permit of the.reception of forty.words per minute. 
8. Sleet melting equipment for antenna: developed, and insta 
The and itistallation of a high alternator 
the adaption of this’ equipment to permit its use 3 Tong. Mistance, radi 
telephone 
telephone messages from of 3 m 
and by use of vacttum tube to ‘when "still 1, 


miles at sea. 


372. NOTES. 
-REPATRS ON THE INTERNED CERMAN SHIPS. 
grapny was developed during war Dy Bureau ; eam 
a in codperation with civilian organizations to a truly remark- : 
Some items of this advance are as follows: 

rease made in efficiency of trans-oceanic tadio Service has made 
it a serious competitor of the cable. ' Five stations have been developed on : 
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‘5 ‘of\underwater radio:equipment. for submarines whereby. 
messages ‘can be received: by 'the submarine: when submerged 20 feet., 

6. Development ‘of the radio conipass’ to assist mayigation. Vessels. off 
port in a fog and°unable to enter have: been successfully guided to the light 
vessel and thence to'the channel: entrances by shore: radio. compass stations. 
Destroyers unable! otherwise to regain ‘contact with convoys’ were able to 
do' so by ‘steaming:on:courses as shown’ by: the bearing of the convoy, from 
the destroyers’ radio compass, - Radio: compasses for:aircraft were devel- 
oped such that bearings taken one from Station: 
at a distance miles; 

9; Radio: equipment for: sittvett: has: developed to a des 
gree, the highest: power set being capable of telephonic: communication at 
200 miles and by telegraph: 600; milés;' During the: trans-Atlantic flight of 
the N.C. boats messages were received by the boats at 1,600 miles and 
communication .was maintained with shore up to 700 miles. 


DEVICES. 


tothy “yf itz 
During easly stages. of the war, when: ‘the. enemy, submarines. were 
mont active, and successful in, the destruction, of shipping, was recognized 
that anti-submarine. vessels were, not. largely, effective, due to the, fact that 
the location,of a) submerged. submarine could not be determined, im- 
mediate solution of the problem and the expeditious, development,and man- 


ufacture of, devices, for submarine; detection were a jvital necessity. 


All conceivable methods. whereby, submerged.,submarines, could. be de- 
tected and: located were experimented, with. Eight. devices have. been de- 
veloped under the bureau and made in quantity not only for our own navy, 
but also for the British and French navies. Also modified forms of these 
devices have been designed for use in the protection of the Atlantic Coast 
of the United States. The listening devices developed in this country are 
considered the most effective devices in existence, for the purpose. Before 
efficient listening devices were, developed a submarine, when submerged, 
was practically immune from attack. After the perfection of the instru- 
ments, entirely different conditions prevailed, and a submarine underway, 
either on the surface of submefged, was never safe from detection and 
attack. The activities of the enemy submarines were greatly curtailed. 
When the German submarine commanders learned, through bitter: experi- 
that’ ‘as’ tong as their motors wefe running, the focation ‘of their boats 

ould ‘be ascertained ‘any riearby vessel equipped: with the’detection appa- 
fatus, they ceased taking hazardous chances. Instead of going when they 
pleased afid making’ surprise ‘attacks’ at’ will; they found! it’ meant: almost 
gertain destruction to approach the vicinity . oF enemy vessqis. 

Refersing.,again. to’ the .adoption of, electric: propelling for 
capital ships, the factithat a very large part.of its development was car- 
ried. on; during: ‘the ;war-period makes, it, of, special-interest, The charac- 
teristics of this,type, of| propulsion which; make, it,,so; suitable for, capital 
ships’ have.already-been, set, forth) in various papers, and a,brief syn- 
opsis of such characteristics will be: given now.,,These are (a) ease of 
control (b) increased economies at cruising speed, and (c). its suitability 
for installation of turbines and, igen erators near fig boilers (eliminating 
long steam lines), motors where best suited, and for a general rearrange- 
ment of the machinery spaces over that of the older ships, so that the 
naval constructor is much less hampered in his efforts to secure maximum 
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protection of all vital. parts of: the. ship. »» The »machinery. the New 
Mexico! was and: installed:‘during, the war period. ..The 
vessel» was commissioned, and after dock trials the vessel:.went to sea. 
also ‘during this period: The fact that the bureau and: department had 
the utmost confidence in the type of machinery. installed is shown by, the 
fact: that on her first trip: to:sea thes vessel was directed! :to; maintain a 
standard ‘speed ‘of not: ‘less! than, 17knots. This; was: accomplished with 
ease, as was also the next trip at higher! speed: The. vesselhas-been an 
unqualified ‘success: || However, even: before. the tests; of! this: ship were 
completed, the same type of machinery was recommiended: and adopted for. 
the new: vessels. I bélievé:that all» “present: williagree that the bureau must 
have: done ‘an enormous amount of work in arrive at a 


TRAINING | THE PERSONNEL, 


Although, strictly speaking, the eaiaing. ol. enlisted personnel may not 
be considered as an engineering matter; I believe some mention’ should be 
made of it, for the development of'a personnel to handle the: engineering 
equipment’ of the vessels afloat was a serious problem: But such’ a per- 
sonnel was developed ‘in the fleet for transfer to vessels where needed, 
and the ‘fact that, as before stated, during the war ‘no Vessel’ was perma- 
nently laid up for repairs, is, in‘my opinion, evidence that the work ‘of the 
bureau and the work of the engineering personnel on board ship was work 
well ‘done— of Philadelphia” 
ort wbith 


Following. on. the, I read. before thie, Tnatitution ast, ‘year upon 
Naval Construction during the war, in, which I gave'a brief account.of all 
the principal. vessels designed. and. constructed ..during: the. war period, I 
now propose to give an.account.of H,M,S., Hood, .which will.complete. the 
time. 
Apart from the smaller craft, ‘such as fechas ‘and satrol boats, of 
which an immense number were required during the war, the type of large 
vessel in which we were somewhat deficient in 1915 was the battle cruiser. 
It was known that the: Germatis were building several very important ships 
of this type, including the Derfllinger, Liitzow, Hindenburg, and others:to 
follow. Our own’ vessels were later to: be supplemented ‘by the Renown 
and Repulse, and’ there’ were the ‘very large light’ cruisers Courageous; 
Glorious and Furious, but these three latter ‘could ae ‘be ‘regarded ‘as battle 
cruisers in the sense of 
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Length between perpendiculars.,. 810 
Load draught (L.W.L.),. mean. 28 ft, Bite 
Displacement at load 41,200 
Shaft horsepower. of engines. 144,000 . 
Oil fuel load, draught. 1,200 tons. ain 

Pate 22 2 21-ini: ‘TT. 


Armor— dtd 
-Bulkheads, forward 5 in, 4 ins: 
15 in., 11 in. 
Protection— 


Main deck in. slope over 
Lower deck aft. . 


Weights percentages of dipacement at toad draught — 


1 therefore iin to ot ‘battle 
embodying the latest’ ideas in regard’ to ‘underwater ‘protection, 
etc. considerable’ number of designs were submitted to the 

oard, but‘as there were tio large berths available, it ‘was not possible to 
place an order before the s os of 1916, and in March‘of that ‘year the 
board’ selected ‘a°design ‘of the ions ‘given here to be worked out in 
detail ‘aiid with.’ Tks formed the original basis for the 
design of the Hood, ‘having’'the ‘same ength breadt as’ the’ Hood, but 
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of considerably less ‘draught, viz: 25: feet:6: inches: notmal and 29 feet deep, 
with a displacement of 36,300 tons on a length of 810 feet between perpen- 
diculars. The speed was to be ‘32’ knots, with machinery! of 144,000 's.hip. 
The armor, which was approximately equivalent-to that of Tiger, consisted 
of an 8-inch belt and 9-inch barbettes. The: armament was to be eight 

15-inch guns and sixteen 5%4-inch guns, together | ‘with’ two ‘ei-ineh sub- 

I strongly advocated adoption in this - design: boilers; 
and these were accordingly in tuded for the first time in the design of a 
capital ship. This feature had the most marked influence’ on the whole de-' 
sign, on account both of the smaller space occupied and the reduced weight 

_ involved, as compared with ‘the’ space and weight which would be neces- 
sary for ‘the large-tube boilers. which had hitherto been adopted in all our 
big ships, including Renown and Repulse. The first big ships, though they. 
cannot be regarded’ as ‘capital ships, as mentioned above, which had the 
smafl-tube boilers were'the Courageous, Glorious and Furious. 

The original design of Hood was approved by the board in April; 1916, 
and orders were placed ‘to build one ship. each with John Brown -& Co., 
Limited, Cammeli Laird & Co.,: Limited, and the. Fairfield Shipbuilding: & 
Engineering Company, Limited, the ships being named, respectively, Hood, 
Howe, and Rodney. Subsequently an order ora ‘fourth’ ship;\H.M.S. 
Anson, was placed with Sir Ww. G. Armstrong, Whitworth bs Co. ‘Limited. 

« 


‘an THE BATTLE OF. JUTLAND. 


It will be remembered that,the Battle of. Jutland. took place: on, May. 31, 
1916. This, the greatest fleet engagement of modern. times,. patarally. Jed to 
further consideration of the design of the Hood, which had ‘only: just, been 
ordered; and, in, view of the damage which was done to our own battle 
cruisers and, also to the German. ships of similar type, it was, deemed 
advisable to increase the armor protection, if possible. ’As the result of 
very extensive investigations, it,was found possible, by.accepting a.deeper 
draught and a slightly reduced speed, to add very considerably, to the 
protection. of the, vessels, as, already designed, without serious modification 
to the, design of the ship as a whole. Accordingly, in regen 1916, 
definite proposals for increased peeciinn were submitted. .The,,altera- 
tions were ofa very radical character, the armor belt being increased from 
8 inches. to 12 inches, and the barbettes from 9 inches to 12 jnches;. and 
certain increases were also made in the deck protection. The particulars, 
as thus: finally decided, are given in the table.. At.the, same. time, the 
eight, 15-inch gun mountings had their design modified to admit:of;.an 
elevation of 30 degrees, and certain other modifications were made, both 
in the, torpedo armament and also in the arrangements, for preventing the 
flash penetrating to the magazines—a form of protection which was 
rated: for all oun ships at, this time. All these..increases involyed an, addi- 
Sonal, weight of nearly 5,000, the. displacement of, the Hood, 

becoming, finally 41,200 tons: when carr ,200.tons of fuel; the) shi 
then; having a of; of 314, tee, with) fu 
fuel load,, 4,000 

‘The original lengt of. tein as. 
Some tad ‘had, to be the decks. for, strength purposes, 

but the underwater, ; does, which had proved, yery 

sho mention so that the stabi e 
increased. displacement could be accepted pa very 
satisfactory metacentric height. 
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M. Ss. “HOOD.” 
Bult and by John Brown & Co. Lid, Clydebank. 
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‘the, modifications made. in design. after the. of “Jutland 
were considered, in, consultation, not. only with the. Board. of Admiralty, 
but with.the Commander-in-Chief, involying, as they did, special. arrange- 
ments for.the fire and torpedo control,, of. bridges, and 
it was not till 1917, that the design was approved in. all its. details. 
‘This change naturally, militated against. the: quick construction, of the, ship, 
and it will be about four years from the approval of the. ign, in 
April, 1916, to the time of her completion, this being about double the time 
taken to build our recent ca pital ships, and nearly three times that taken to 
build H.M.S. Repulse and Renown. It is only fair, ili to say that 


the modifications were quite justified by the circumstances, and they have 


no doubt. made the ship a,much more powerfully-protecte “one,, whilst 
increasing her dis ilies and consequently the weight of material to be 
per. cent more than that of 


tnain “of ‘geared ito: 144,000 
i is the largest power’ which ‘has ever been’ put through: earing, 
namely, 36,000 horsepower on. each of the four shafts. The machifiéry is 
Tineke ‘in three’ engine-rooms, of ‘which the forward one’ contains’ two 

dependent | Sets ‘for the outer ‘shafts ; the ‘middle ‘and ‘after engitie-rooms 
Containing’ one independent set for each of the inner’ shafts. This’ power, 
‘which ‘was’ designed to ‘give for the’ earlier désign’ of '36;300 tons 
displacement, is expected’ to give at least'31 knots in deep water” ‘ata’ idis- 
piecement of. 41,200 tons for.the Hood as built?) 

The revoltitions per minute of the ‘propellers are- 216: at folt speed; ‘and 
this admits of the adoption of propellers. of higher than’ many ‘we 
have had’ in’ our capital ships before gearing was intr uced, ‘when’ the 
Tevolutions were considerably higher. 

boilers,24' in’ number,’ as’ mentioned above, of the: smatl-tube 
type with ‘forced draught; and are’ aftatiged in four boiler-rooms. ‘It was 
‘known that a great number of the later German capital ‘ships took advan- 
‘of ‘the* weight and ‘space occupied by small-tube’ boilers, and 

ve general adopted’ them their recent Tei is necessary 


45-inch guns is mounted) as!in>our! recent: battleships: of the Queen. Eliza- 
‘beth and Royal: Sovereign classes, in four turrets, all .on/ the center ‘line. 
‘The heights. of the axes of the guns above: the normal load waterline for 
each turret, commencing from forward, are 32 feet, 42 feet, 34 feet 9 
inches and 21 feet 9 inches. The big guns have very large arcs of training, 
the forward ones training to 60 degrees abaft the beam, and the after ones 
to 60 degrees before the beani.’”” 

The anti-torpedo boat destroyer armarnent consists of twelve 5%4-inch 
(guns with shields itich ‘thick; thes: guns” being® on the fore- 
"castle deck and’ sheltet’ deck’ as shown.’ “There are’ also "four! ‘anti- 
‘aircraft On the ‘shelter deck ‘aft: 

‘There ate 'two 21-inch submerged torpedo Siow sepatate com. 
partment’ forward, and’ above-water’ to 
the ‘upper and 'forecastle decks these above-water 
addition since the original design was made. To 
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The distribution of ‘armor is shown on ‘the: plate drawing. The 12-inch 
belt has.a Jength of 562 feet and a depth of 9 feet 6 inches. Above the 
“main belt’is a strake of '7-inch armor to the height of the upper deck, and 
‘above ‘that. again’ there is ‘5-inch armor’ between the’ upper’ and’ forecastle 
‘decks, The side armor all slopes ‘outward from below; ‘as seen’ on ‘the 
‘section, ‘so that’ the virtual thicknesses are’ reatly somewhat greater, as' the 
shelf cannot thus hit the armor’ normally. ‘There ‘is’ thick plating behind 
all the varying. 3 ‘over’ the: portion to’ inches 
and 1 elsewhere. 


roof than formerly, and the armor has a ithickaieed’ of 15 inches’ in front, 12 
inches and 11, inchés on the ‘side, with a thick' roof’ Liga The conning 
tower arrangements have been very Specially considéred, and arrangements 
made, in addition to the Admiral’s conning-tower, for torpedo and 15- 
inch gun control Bw and 54-inch gun-control, revolving hood with 
‘range-finder, in, addition to ,Provided -in each turret. 
There also range ders in -onnection, the 
controls, f 

The. torpedo, protection consists of the bulge. arrangemen pment, with outer 
compartment of, air and an inner, one specially. strengthened 
sary, separating bulkheads, etc.. This protection extends thr 
awhole length. of. the, machinery, spaces and magazines, and it, 
that it)renders the ship as safe against attack from, tonpedoes, under water 
as she is against gun attack above water, ... 

‘The, oil-fuel tanks are, arranged along the. sides, thus, siving 
protection, 

"It is. a somewhat curious coincidence that the first series. ‘of recent. ex 
‘ments on under-water protection should have begun by a set of trials i 

torpedo charges against the old Hood, of. the old Royal Senietign class, 
built. in 1893, . Developing the lessons learnt from these gan which took 
place in, the. years, ammediately preceding the ..war, the, bulge protection 

was first designed. and fitted at the commencement, of the war in Bie 

cruisers of the Edgar type, to which I alinded. in my last year’s 

series of experiments were then made at the request of the oguh 
by the late Professor (afterwards Colonel) Bertram Hopkinson, F.R.S. 
in conjunction with myself, at first under the auspices of the Royal Society. 
These experiments, which were made on different Foie ge gradually work- 
‘ing: up to the full: size, were of the greatest:value, and the original: protec- 
tion ‘fitted to the Edgar was modified and the: ~— of construction ‘as 
modified have’ been’ largely adopted in the Hood. I am glad to have. this 


opportunity of paying: special to ithe 


ek 


may be ‘noted that no s ship. ‘provided ‘with. the or ‘the. 
form of; bulge. was Jost, nor even, seriously damaged. by, torpedo 
during the war, nor was there loss of life in any case; this being any 
due tothe special ‘form bulge and to its: being, external to the: ship 
proper, By.careful attention to. the form: the reduction. in, speed is 


tion of a knot. 


i 
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Experience and>trials: have: shown that the Zood; ‘as protected,: ‘can: re- 
ceive the blows of: several’ and. ‘still ‘remain in, the: without 

ingj:and she is provided with double vertical, keels along the center 
‘line, and the :docking® keels» come:iunder ‘the!:longitudinal jbulkheads. to 
support the ship on each side. Arrangement$ are made to dock the.H. ood 
in ‘our! larger docks, ‘and: has already been: and Prepared for 
- trials at ‘Dockyard, Rosyth, 

‘L.should like: to add: that it -was-niever' proposed to. dock.the Hood. at 
Devonport, although one of the technical papers stated recently, that. it was 
discovered that'she could: not be;docked. there, ..Whenever,.a design. is.got 
out at the Admiralty, or presumably. anywhere else, when. fixing dimen- 
sions, one of: the ‘first: points! to,consider: is, ;where the. ship is to, be,docked,; 
and. this was: done the: Hood, both. in the case of the’ original design 
and again later when the protection. and, displacement were increased, 

The Hood was successfully launched in August, 1918, at Ghedehants the 
ceremony |being performed: by: Lady Hood, widow of Admiral who 
lost his life whilst lending: Third » 


leunching. was about, 22,000. ‘tons. As. the, ships 
of the class which were commenced had,.none, of them. reached the launch- 
ing stage at the time of the Armistice, it was subsequently decided not to 
proceed with them, in view of the international conditions, and the Howe, 
Rodney and Anson were accordingly ‘scrapped. 

The ee strength = the ship as a girder had to be thoroughly investi- 
gated, the original design:and: -when:the protection and displace- 
ment were increased.’ teh ship ‘amohg ‘waves equal :to:her length 
from crest to crest and one-twentieth of that length’ in: height a condition 
which: Ido not think is: evertikely to: be: met:with), the: maximum tensile 
stress on the top of the girder-is less tham 10:tons pér square inch, and I 
‘may'add that not: our ‘recent ships exceeded: this: amoiint, 
although a slightly greater stress ‘has been accepted: in some recently de- 
‘signed Atlantic liners. «The: maximum tensile stress: om the keél:is less than 
the above, and: the ‘maximum ‘does nee tons 

Dynamos=—Eight dynatos are ‘provided: and: are widely! two 
are driven by Diesel engites, two by turbo 

Hydraulic pumping Four engines | ‘are: pro- 
vided for working: the turrets;!these»and:the other more important auxil- 
engines kept! well: away: from: ‘the: ship's side, ‘also ‘amg 

of the ship, electrical bilge ‘pumps’ have 

‘been provided;:and: alsv:some :100-ton’ submersible ‘pumps to ‘deal with any 
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“water thins oun othe: ship. : For: fire!and ;wash: deck: purposes. a fire 
main is run all fore and aft under protection: ‘with: rising: mains 'at intervals. 
This fire main is charged from the 50-ton electrical pumps, and also, from 
the 75-ton steam-driven fire and bilge: pumps in the engine and boiler- 
rooms. 

In the boiler-rooms 1,000-ton pa pumps are fitted; in each engine- 
room the’ circulating’ pumps are arranged:to draw from the: bilges: ‘instead 
of from’ ‘the sea; if required: “Steam ejectors;! each of 300 tons’ capacity, 
Steering steering is ‘of the right Jeft-hand: screw 
type, with connecting rods attached to a’ icrossheadonthe fudder-head. 
Two steering engines are ‘placed in the after engine-room with shafting led 
through the shaft passages and: thence ‘aft to'the steering gear. | Auxiliaty 
steering on the Williams-Janney pri corp worked ‘by: electric motor is 
placed in ‘the after-steeritig compartm The: main :telemotor system: is 
‘continued aft, so’ that this gear can be worked from the! main steering 
Positions of the’ ship.’ ‘The following steering’ positions: are provided: 
Conning tower, lower conning tower, after: stectinig compart- 
ment (auxiliary oniy). 

Steering pf hand power is ‘not provided, as. ‘it has proved 'to ‘be: of little 
value with these very big, high-speed ships; 

Capstan gear.—The anchors, three in number, each 
the chain cable is of 33 inches diameter. Two cable-holders and a middle- 
line capstan are provided, ‘all‘connected to the capstan engine. A third 
cable-holder is provided for the sheet cable for letting go only. At the 
stern a 3-ton ‘anchor is provided, and the after worked! by 

‘sin 
efit 

more thdn any in H.M.S.: Hood, \to the system of véntilation, which has 
been worked out on the Jatest and most: scientific principles ;. a: great deal 
of experimental and research work having been done to: get the best results. 
The: main points to be noted areas 

The. engine-rooms: are ventilated by) four: 30-inch. thiee 40-inch 
supply fans, and four 35-inch and two 50-inch exhaust‘ fatis, electrically 
driven: Each of the: auxiliary machinery: compartments has two !174%4-inch 
electrically-driven exhaust fans with ‘natural’ supply trunks,.all openings 
being well above the weather decks, in order that ventilation may go on as 
usual, even in bad weather—a very important point for the comfort and 
health of the crew. A very complete system of ventilation has been sup- 
plied to the seamen’s heads, and to all w.c.’s, pantries, sculleries, paint 
stores, wash places, etc.; the ventilation being | generally: by means of ex- 
‘haust fans: leading direct to the open) air..: The living spaces-generally are 
-ventilated by trunks supplied: by electrically-driven ‘fans. /These: trunks 
have openings so arranged that the air is delivered at a low velocity; and 
strong draughts which might be objected! to:are thus avoided and a grad- 
ual supply of fresh air, keeping the: whole place: sweet; is thus ensured. 
‘Where-necessary, the air is passed: through steam-heaters for purposes of 
warming. In all these arrangements care has been tdken to: maintain as 
far'as possible the transverse watertight subdivision of ‘the ship, by: avoid- 
‘ing the piercing of. watertight! bulkheads. . Each of the main’ transverse 
compartnients is accordingly: ventilated; independently. of any-of the other 


‘ 
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. compartment to another in case of damage is eliminated. 


main compartments, and: thus: the: risk ‘of: water: finding its way from one 


all our recent designs great attention, has been 
erally to, the accommodation and.comfort of, the officers and,men. Just 

the. war .a ial committee .was, appointed..to|,inquire into’ the 
accommodations , of. ips, and a report: was. presented, and all, recommenda- 
tions of this committee have, as. far as possible, been.embodied in. our re- 
cent ships. ‘The. exigencies; of the war, and.,the; additional, requirements 

which had to be met, asthe war progressed,'to, some extent prevented all 
the recommendations of the committee being carried out; but in. the 
practically the whole of. these have, been mbodied.and great; improve- 
ments haye, thus been made, recreation rooms, being. provided,;and greater 
facilities. for. cooking , and similar.,operations, ; In .fact,}a, modern, ship is, in 
many, respects, home; of luxury, compared, to, even, or fifteen 
years 

boat hoists, fitted fitted, with ‘atiable ‘speed. 
control gear of the Williams-Janney type, driven by. electric motors, are 
provided, and a weight of 16 tons, that of the heaviest boat, can be lifted 
and lowered at a rate of 60 feet per’ minute: 2 


regards, the: ship, the: Hood' may be: cited as 
example of .what, can| be achieved! by going to:a large'size»’ ‘The endeavor 


has been in her design to: embody the armament.and armor'protection ofa 


first-class battleship including also good under-water ‘protection’ against 
and at the same time to give her the speed of the fastest + battle 

It has only been possible to:do»this*by going'to’a‘great' length 
and displacement. The under-water: bulge protection*is additional to any- 
thing, provided in’ our. pre-war’ dreadnoughts; although these’ ships hac 
internal. ‘bulkheads. The addition: of ‘the bulge;:which entirely super— 
seded; the. provision of torpedo netting; involved considerably increased’ 
weight over and) above that of a ship»ofordinary form; although ‘this. 


_ additional: weight was accompanied somewhat greater ‘amount of addi-. 


tional. buoyancy, it still-involved an increased displacement with the: 
t may, argued! 'that, in» su¢ large: ‘great eggs’ are 
placed i in; one, basket, and that a: very expensive ‘one, but it would have been 
impossible; to. combine ‘Speed, armament,' ‘and’ ‘protection in a 
er. unit. jauin quia 9 
In connection with, the size ‘the! Hood and: general 
design, it is, I think, interesting to:note that of recent capital ‘vessels built, 
and taking the chief characteristics. of two: classes’ of about the sate dis- 
placement, in, Queen Elisabeth we had)a well-armored! iship of dbout 28,000 
tons with eight 15-inch; guns; andi speed! of knots. “In the Renown’ and 
Repulse, of slightly less displacement, viz.,; 27,000 ‘tons;’ though of greater 
length, we had vessels with 7: more speed than ‘the Queen Elizab 
but with only six 15-inch, guns against eight, and as yee about 


the armor, protection providediin the: Queen:Elisabeth. ‘Inv the Hood ‘we 
are providing the same, armament,:vizi; eight 15-inch guns, as ‘in’ the 


en 
Elizabeth, armor protection fully eqtial to, arid)iti fact:rather' heavier he 
regate than that.of.the Queen: Elisabeth, 6 knots more speéd than the 
Elisabeth, which makes,.the -speed tearly*lequal to’ that’ of the 
‘enown and: Repulse, and, :in addition, full bulge protection 
torpedo attack. aide so1ds ot diive 
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It is of anterest to’ ‘note ‘thiat battle: which: were 
ofiginally designed with’ very light armor ‘protection, have ‘recently been 
modified in ‘the direction of additional protection, making them thus more 
like the Hood, and’in the Annual Report of the Chief of the Bureau of 
Construction and Repair for’ the fiscal’ year 1919, he says: “On June 24, 
1919, the General Board recommended’ that battle cruisers | be built as a 
distinct: type} but the designs be changed 'to provide materially greater pro- 
tection’against gunfire and under-water attack, the resulting increase in dis- 
placement’ and reduction of ‘speed; probably tess‘ than'2 ‘knots, being ac- 
cepted:” This was ‘approved, and the new plans necessary were got out. 
It is, I thitik, satisfactory that the Aimerican authorities, who have had 
full knowledge of what we have been doing’ in this country in the 
‘and construction of warships, should have thus come to the conclusion 
‘we were ¢ on the ‘ines, and have 


As regards cost, which is about £6,000,000, this, of course, is an enor- 
mous sum, but when the displacement and size of the ship and her quali- 
ties .are considered; I do not think it is very: éxcessive; in’ view of’ the 
‘present incfease.in prices. Most things’ have doubled: in cost,'and many of 
our pre-war, capital ships, complete with their: armaments, etc:, cost, on . 
the average, about £90:a ton of displacement. The Hood‘is costing about 
per. ton, or an increase! ofsonly 60 per ‘cent above pre-war prices, 
though: she: has. qualities possessed by no'earlier capital ship. 

A éal has been written and talked: of lately: about the cap- 
‘ital ship. being: dead. and the! necessity) for submersibles. But with our 
present, knowledge it: would:'be quite cimpossible:to design submerfsible 
ship -which,| on the same+displacement, and cost, had anything like’ the 
fighting qualities on the surface which are possessed by the Huod. Every 
ship, is a compromise, and: if in addition ‘to the ordinary qualities’ of'a 
battleship she is required) to submerge, or even partially submerge,’ avery 
considerable percentage of weight has to bevadded to give ‘her’ this addi- 
tional capability of submergence. She becomes ‘still ‘more of compro- 
mise, and the added. weight must detract from the fighting qualities of the 
ship when. on, the: surface,..so that, whatever is done; other things being 

equal, the submersible ship must be inferior to a surface ship iti atv ordi- 

nary. agtion.. Thete,are many difficulties of details in’ the design of a'sub- 
battleship, which would! taketoo long go into’ fully now, and 
although there. is no doubt :that submarines are ‘capable of ‘great develop- 
‘ment, a little thought: will make: it:clear to anybody that if) naval warfare 
to. continue, the| surface! ship of the dihe ‘must ‘still hold the ‘field’as ‘the 
fighting, unit great navy.>) This view is ‘apparently shared 
by countries, who ate) developing! their navies, both Japan and 
the United States are building large capital surface 

should like to take this opportanity'‘on behalf of my staff and myself ‘of 
thanking the contractors: for the assistance have’ given us in getting 
out working. drawings of the Hood,’ thisapplies'not ‘only to John Brown 

Whohave so. successfully constructed: this, the largest ‘ship ever built 

“HLM, Navy, but, also' to the’ other three firms who, in the éarlier stages, 

helped us. with the plans, until the ‘time came “when it ‘was decided not to 
proceed with the three ships ordered from them. AEB ODA? 
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‘In addition to the’ printed: paper, Sir, Bustace-d’Eyncourt,, said) 
Since: my» paper» was. printed, the Hood hasbeen, undergoing. a, very 
series. of :trials. which. are: not,, however, yet completed, nor 
Have: the results: of.:the trials which: have: already taken place. yet, been 
thoroughty analyzed. 
“ However, the speed trials: normal draught were completed last week 


: cand very excellent: results, obtained.) 


“ On the full power trial, at.a displacement of 42,200 tons, which i is ‘con- 
-siderably in: excess of the normal load. draught, a speed. of. 32.07 knots was 
obtained,:as.a mean of runs taken on;the measured-mile course. off the 
Isle of Arran in deep water. This..was obtained with a mean horsepower 

of somewhat over 450,000 and with 206. mean.revolutions of. the Propellers. 

The day, was not altagethee there -was.a very. high wind— 
“The: worked very ‘satisfactorily, and. a power. of between, 145,000 
to 150,000 was maintained for a period of about seven hours..: It.is also 
interesting to note: that-on the:two-fifths. power trial a mean of over 
25 knots was obtained. The propulsive coefficient was in all. ca cases. satis- 
factory, varying from: 53. to.55 per cent, and a, very satisfactory. fuel con- 
‘sumption was also obtained... 

o“ The ship, therefore; with the. 5,000 .tons; increased protect ion, now. has 
the original speed. of 32.knots, which was.that laid down for the lighter 
ship: of 36,000 tons... Her .full..speed, with full hts. and 
stores: on board, will, be: at aiding 
oad Shipping, 
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XPERIE cE AND IN MECHANICAL DUCT 


speed and power during the war period was the departure from the direct- 

rive turbine installation to that in which the power of the turbines was 
transmitted. tq: the propeller shaft through mechanical reduction ‘gearing, 
and. it is the object of the present paper to trace briefly this, development 
and indicate the experience that has been gained and also the general ptac- 
tice of the Admiralty as, regards the details of these gears... . Before the 


actual adoption, of gearing, it had. long been recognized that some form of 


ction, device. was necessary in. order, that, the turbines and ropellers 
run, at. s s which. secure. their best. efficiencies, and. designs 


‘with, the direct drive installations had been of the nature of a compromise 


in which the maximum efhciencies of both turbines and propellers had been 
-sacrificed.in order to. obtain, the best overall results to meet: e nature of 
particular, case, ‘There were ioe: practical methods of 0 taining this 


-reduction,: ‘viz,,,,hydraulic, electrical, and. mechanical, each, possessing its 


‘peculiar merits, and: in the early history. it is noteworthy that the first two 


-were.more seriously. than the third, as they did not.at the. time 


er. such, difficulties in the way. of manufacture and. reliable, transmission 
of high power: At the present stage in British naval practice the first two 
methoge have not, been tried, at least in, connection. with, high 
machinery. 

, Whatever method. is, adopted, a, loss, must. between, turbines 
the. pre shaft from arious, causes, which need not inte 
Paper 139 ‘efor the Naval 26, 1920." 
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here. Experiments’ have shown that’ with the best designs of the tespective 
devices, the losses in’ transmission may be’ approximately: ‘taken: hydrau- 
‘Tic, 10 per'cent ; electrical; 8 ‘per cent ; mechanical: gearing, 114 per cent.' 
‘double reduction: gear were fitted: the loss with: maothamical! gear would, be 
about 3 per cent. ont 
“The superior éfficieticy of the mechanical: important 
factor in reaching a decision as to the type of ‘reduction device to. be 
‘adopted for naval use, and ‘when it: is combined’ with considerations of 
simplicity and reliability and the‘ very small‘cost of upkeep, the combina- 
tion been considered up to’ the present to: outweigh the:advantages 
possessed’ by the other forms of transmission, suchas the absence’of astern 
turbines, and the possible maintenance ‘of a higher turbine speed and a 
ciency at Cruising speeds.’ With the design of turbine as now ‘developed, in 
which special arrangements are made to permit it to maintain its efficiency 
“to a marked éxtent'as’ the’ speed of revelation: falls, this is 
to, a Certain éxtent' discounted. 
endurance and teliability which are: fedtieres! of turbine’ installations 
more pronounced when geared ‘tutbines are fitted; because of the 
er and more rigid structures and moving parts: Also the: larger’ and 
more efficient propellers i improve the maneuvering power, and‘in particular 
the stopping effect ‘is increased by the ease with which the larger propellers 
get'a hold on the water.” The necessary. ‘astern ‘power (which in. most 
warships ‘is approximately one-third of ‘the’ aliead power)’ can be obtained 
‘on ‘a’ Single velocity-compounded turbine  whieel without © working’ the 
boilers to full power. The smaller turbines and their'more substantial con- 
struction render them less liable to-distortion tronbles than is the case with 
the: larger, direct-connected: units. 
To trace the development: of. ‘mechanical. gearing 4or marine purposes 
one need go back no further than 1910, when Sir Charles Parsons, who 
was desitous of applying the’ steam. turbine to vessels of moderate and low 
speed, carried out his experiments in the Vespasian, an old cargo steamer, 
“experiments which have proved to be epoch-making. | The’ success of these 
experiments, which were dealt with in a paper read before this Institution 
in 1910, indicated that increased efficiency could. also be’ obtained by means 
of reduction gearing in ships of the classes from which the reciprocating 
engine had been definitely, displaced by the turbine. “The! Admiralt y made 
its first step in 1910, and in two torpedo-boat destroyers of that year’s pro- 
iy the Badger ahd Beaver, geating was fitted for part of the main tur- 
bine installations. The low-pressure turbines drove the shafts direct, but 
on. a, forward extension of their rotor spindles gear ‘wheels’ were. fitted 
which were driven through pinions by the small ‘fast-running cruising and 
turbines. “The maximum ‘horsepower transmitted” through 
of gearing was about’ 3,000. Before these ‘vessels were completed 
a; advance was made, and i in 1912 it was artatiged, in two°torpedo- 
boat destroyers, the Leonidas and Lucifer, of 22,500 horsepower, ‘for the 
whole power to be. transmitted through two’ of gearing. The general 
arrangement as regards the component parts ‘of an ‘all-geared’ ‘set ‘adopted 
‘in these vessels has been adhered to in’ naval’ practice to'the present day, 
‘viz., each set of gearing is driven’ by ‘two pinions, driven respectively 
the high-pressuré and low-pressure turbine. In’ sonie ‘installations an‘ addi- 
tional ‘turbine for cruising has been fitted ofan ‘extension of the ‘high- 
Pressure spindle. 
On completion! of the Leonidas in 1914°éxhaustive tt were 
out, ‘and the restilts’ ined “as regards’ the’ tthe machinery 
all powers were very and to any that 
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had been obtained with direct drive units... Both vessels. were hurriedly 
put into commission in August, 1914,-when experience with the running of © 
high-powered géars was preprcelly nil. The installations received a very 
severe test on service, as both boats were in commission right through the © 
war, for the first two pare being” attached to the hard-worked Harwich 
force. Their successful running Speaks volumes for the manner in which 
several recognized. difficulties connected with the application of mechanical — 
reduction gears:for high powers. had; “been so quitkly recognized and 
overcome, | 
Before the.completion of. the: ‘Leoni anid Lucifer, two light cruisers of 
40,000 horsepower; viz., Calliope and Charispion,-were. arranged to have all- 
units, but the formef essel was fitted with fourshafts, and the 
latter with two,.so itvis seen that in ithe: ‘course.of three-years from the 
adoption of reduction gearing, and in the third order ofwarship so fitted, 
a figure of 20,000 horsepower through -one ‘set ‘of gearing was reached. 
This installation’ tan satisfactorily on service, and asa result it was recog- 
nized that mechanical-gears were suitable for the higher power required on 
a single propeller shaft. e 
The all-geared installations were not at once universally adopted for the 
vessels ordered: on the earlier, war. programs, the policy in the emergency. 
oi adhering. to the direct drive: of turbine, which for several years had 
proved its efficiency and. reliability, being followed for some time, The 
subject, of .gearing, was, however, by. no means ignored, and all warships 
ordered were fitted. with cruising, turbines, which were geared to the 
direct-drive units. Clutches were arranged to disengage these gears when, 
running at high powers, although this. procedure was not absolutely neces-. 
sary. .A marked gain economy within the limits of power of the eruis- 
ing turbines, and. a. consequent increase in the, radius of action was,.ob- 
tained. It should also be understood that at this time the number of special 
“hobbing”, machines required. for cutting, the of these gears yer very 
limited, and. it, would not have been. possible at the time to have. fitted all 
the..war,. vessels. ordered with. the. all-geared. type. of installations. 
1916, however, it was. considered that sufficient progress had been made to 
warrant the complete change over, and in erateaie all fast warships, v 
battle cruisers.(a number of which, were, ently not proceeded wath) 
designed to. transmit 36,000 horsepower through each: set of gearing, light 
flotilla leaders, torpedo-boat. destroyers, “ K ” Class submarines, 
” boats, the all-geared.installation was, adopted.. Only, in | 
table on ying. orsepower an 
bee all-geared sets fitted and being fitted in warships. 
this number 596: gears are, or have been,-on service, representing 
shaft shaft sets have not 


panying 
In straight-cut gears. the sal in ¢ one ‘ot 
two, imposes: a limit to the. speed. at which high powers can be smoothly or 
safely transmitted, and for transmitting amie power, helical gear, 4. ¢., 
toothed wheels in which the teeth are inclined to the. is of oF bs wheels, is 
necessary. All the gearing now in use in ¥ wuble helical 


t 


: are.a sets gears in 
conjunction with. cruising turbines, or as part. installations, but as these 
: : gears, owing to the exigencies of war and other conditions, have not been. 
used to their. full extent, they are not included in the list. The arrange- 
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¢ ‘being ‘used to balance the’ axial thrust 
entailed. ‘The involute tooth form'is ifivariably’ used, as it possesses essen- 
tial advantages over other forms, the 

The teeth can be generated automatica 
cutting tool, which can ‘be ‘made and ground very accurately. (2) A varia- 
tion in distance between the centers of pinion and wheel (and such vafia- 
tions occur in’ marine practice’ owing to necessity for ample ‘clearance ‘in 
the high-speed arg Povey also possibly. with’ misalignment and wear of 


ost important of which are: (1) 
‘machine by’ a’straight-sided 


degrees, while the normal 
adopted’ by the 


w 

involute'teeth. There is no particular’ virtue in this limits, 
e odd % degree, it is understood, was 'd by, the 41%, 

degrees being 0.250, calculations were 


nches ‘has been’ adopted for all but’ 


‘agreement with ‘the 


intl bares. 
ly days’ of turbine gearing there was not ‘much’ experience 
! available bearing on helical gearing for cémparatively high powers, arid in 
the first designs the geats were helical’ angle of 20 degrees 
in conjunction ‘with a -pitch normal’ to‘ the’ line of the'teeth’ of inch. : 
This design’ was ‘rather noisy, and in consequence the’ angle in succeeding 
Lit designs was increased to ‘about 45 degrees, which value'was known to have 
proved satisfactory in De Laval ‘installations of small‘’poweér. The 45- 
degree ‘design was continued ‘inti recently with generally satisfactory re- 
= sults, but in the meantime;‘with the improvements’ in gear-cutting processes, 
a it had gradually been established that, the noise and-tremor experienced in 
the early installations was more due’ to irregularities in cutting than to the 
small helical angle itself. An angle of 30 degrees, which possesses advari- = = 
es tages in the way of efficiency and tooth strength, 'in that the contact be- 
tween the teeth is increased as Compared with 45 
load on, the teeth is decreased, has now been 
Admiralty, angle’ is rarely an ‘exact’ number. or degrees, as it 
affected ‘by the driving and change-wheel. mechanism of the ‘hobbing’ ma- 
: chine, but is. as, near, the desired ‘angle as these details allow.,” Fig. 16 
shows a set of gear wheels amuumem le of 32 dezrees) 
The angle of obliquity in 
| th 
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tions,’ While: the pitch ‘and obliquity have remained thé same, the propor- 
tion between ‘addendum, dedendum, and pitch, respectively, and ‘the: 
the root’ and tip-have bore from time to time 
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the successive designs was gaitied._ illustrate 
tion, it being noted that the form ofscutting whi 
the height nd actualstooth generated will be the same 
as for the" of the.teeth will depend upon the 
pitch circle. di on design. The-earliest design 
(which is hot shown rm which gave at the base of tooth  . 
only a small radius, and it was ait a wer early stage modified to provide a 
more pronounced radius at the tooth root, In the design in Figs. 98 and 
the rotmding the tips of the teeth’ was’ introduced: *6vercome 
“digging it,”'and excessive wear Of the tips which had ‘been “observed in’ 


i 
some dedgns probably due to he falure’of the oil on the at 
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- The question-of the lubrication ofthe teeth is very.important;:and while; 
running, an iample amount.of oil; which is; generally, injected from, nozzles 
_on to the: line»of contact, of the teeth,) is necessary. .It..is usual. to. arrange 
¥%4-inch to %-inch nozzles of about 5-inch pitch, discharging the oil under a 
pressure of from 5 pounds to 10 pounds, the jet being fan-shaped, so that 
the whole length of the teeth is practice nozzles were 

Fig JODIAGRAM. ILLUSTRATING THE RELATIO. PC.0.OF 
TOOTH PRESSURE WIDTH FOR GASES 
CURVES 200VB AND D TT TT 


if 
20. 

“a 8 

8 
7 
2 6 
5 
4 
$ 
2 
1 


4 


the fine. of ‘con both on 


astern working usual in naval vessels, 


| | 

‘ Figil SPRAYER FOR LUBRICATING 
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Figs; show a'type of sprayer fitted; together with acranger: 
ment*on™the! gear-case: of aitbisqsbh ns 
‘The teeth of: gearing engage by line contact, but: must: 
that contact under: a camno'more occur:on'a line than the:toad-on a 
ball bearing canoccur on:a'number ‘of geometrical: points. ; Elastic deforma- 
tion’ of the: surfaces: must’ take place under< the ‘load; and ‘the:momentary- 
flattening leads\in each ‘case to a surface contact Owing to the lubrica- 
tion, however, the load that can be safely sustained’ between two sliding: 
surfaces in contact is decided bythe pressure in the oib film: between. them’ 
and’ by’ the: the ‘Modern developments im the theory: of ilubri- 
LUBRICA AR NGEMENT FOR THE TEETH. 


Nine 


y Feats 

be 

4 hie Ritetol ete citi am 29482 

toshow’ that : in film: between two: surfaces 
varies asthe thickness of the film,’ ‘and ‘that beyond a Certain ‘thickhess of 

filta tio pressure is maintained: 'For.a’given thickness of film it 

over’ ‘an area practically’ proportional’ to the squave root '6f*the' radius ‘of 

curvature ‘of the stirface; and this area ‘may be regatded as ‘the virtual ‘area 

of ‘tooth ‘contact.’ The ‘radius of curvaturé*may ‘be taken on! the pinion: 

teeth alone,as géar-wheel teeth’ are” flat’ ‘and! as this average 
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radius ‘of curvature ofthe tooth’ form: varies:as the pitch diameter of the 
pinion, an empirical rule depending to a certain extent on the: helical angle 
for the allowable tooth pressure p= KV Dj where K is:constant, is obtained. 
being the intensity of pressure pounds per: inch of. axial length. The: 
values ‘of for! a large riumber:of.cases: are: shown in ‘Table are 
seen to’be: round about: 200 to!225) in the majority! of cases. ‘The pressures, 
obtained per inch width of face are also’shown, and vary from.700.to 1,080. 
in the high-powered installations: at the: nominal : full, ‘Table, I and; 
Fig. 10 illustrate these points in:typical.cases. 

A’ difficulty in’ the: earlychistory of geat-cutting free the fact. 
that the master worm wheel which rotated the gear wheel during the cutting 
operation was not quite accurate ; this difficulty led to an addition to the 


machines of a “creep’’.mech: sm, hich, ob is rotated at 
a higher speed. than’ the worm wheel 
which might) be copiedon the, job, no 
longer in the directionsof the-axis; butis distributed in\helices.on the gear 
wheel or pinion. With improvements in the accuracy of this master worm 
wheel and the maihtetance ofthe machine in good condition ‘with all parts 
well lubricated a cutting. the: derived from the 


cut the maj 


main tenance ‘of’ accurate alignment ‘are necessary, to the ra: 

tion any: ‘mechanical ‘reduction“gear. In. all naval work ine 

es, pinions and. gear wheels are supported on rigid gs, ‘and 
ent is determined by’aceuraté machine in| ng the gear 

howl tting the bearings. No gears of the floating: ftattie’ type, in 

ons-and bearings are mounted orted on a 

flexible , which i psition after 

being aligned in the first’ place, d judging 

from thé general experience obtained ov; 3 number “yea it appears 

that any‘adv e likely. to ‘accrue from: thi ‘adopt a system 

would be ‘ontweig ed by its Fo ame el The i impottant feature that 

must be bore. ia mind is ‘that in all-calculations of téoth sts 

sions of the between the Faces 

design and consttictionshould be! such. thatthe é 

uniformly distributed over the: whole: 

conditions arise in ie 


separate supports built up from the hi ture.) The turbines oe gear- 
cases as separate units are of stiff construction, and under working condi- , 
tions do not suffer distortion. The possibility of relative motion between 
the turbines, and .gear+case, existed, and although nearly, all vessels.so, con- 
structed, experienced no: troubles: with the gearing; yet in. two torpedo-boat 
destroyers,the gear became. very noisy,,and wear,.took: place :on.the. teeth: 
Although: no actual. breakdown occurred, | the defects. were: objectionable, 
and .the gears,\were removed, for, dressing: up; When the alignment ..was, 
again tested..it was, conclusively proved that relative! displacement/ of, the. 
gear-case. and. turbines: iantaally: taken iplace. . In designs this 


ority of the-naval gears of interest that on the 
ines only four, and (on, the pimion ‘machines ‘sixfirms, use 
$ regards’ the tendency—of..the worm: wheel to\wear, out of 
truth, inquiry. has’ shownthat in a numberof machines that have been 
icul me designs th i 


“movement is not possible, as after-ends ‘of the: sup- 
ported on stiff extensions of the the: whole! 
wrigit unit: Thisis: illustrated/im Figs ta ton 
_Owing:'to: the ‘action between the teeth: the 
pinion and wheel tend to increase their distance between centers. This, as 
pointed ‘out,’ does ‘tiot ‘affect: the: smooth ‘or: regular action of involute teeth, 
but the line of centers through turbine and pinion should be free to remain 
parallel with the axis of the wheel, and the clearances in all the bearings 
should permit of this, otherwise- ‘will take~place. Another 
cause that arises:is\ thatsdue to the deflection! of the pinions and wheel, » 
which in edth. case’ is’ double’ nature, viz. that due to the twist and 
that due to the bending. These points should not .beioverlooked in any 
design, but with the proportions brought about by other considerations, 
these deflections'are not such as ‘materialfy ‘to affect the working of a cor- 
rectly constructed gear. Apart-from-the above causes it-has-been observed, 
in many gears:that the load hasmot been:distributedover the whole length . 
of the teeth, ait undesirable Of presstire“having taken place 
the len ‘does no 4o be. ing ct 
under twi g monient, as it? s beert*ébse ryed at either, o ends o 
the pinion elements, and it has been rather. to, af error in manu- 
facture, the helical an angle of the pinion element being slightly different from 
that of the | gear wh It is necessary that particular attention should be 
paid to this important point right through the construction of gears, as 
‘many makers appear to be satisfied to assume that as this helical 
angle ‘is a’ function ‘of the ‘machine mechanism, the “angle will 
necessarily be'correct, or at least within’a microscopic difference.” Unfortu- 
‘nately,’ in“some’ Cases. this has been’ found tobe far from true, especially ‘in 
the case of pinions, and it points to’ torsiotial ‘movement of the job 
during the cut. ‘This may occur strain ‘of driving, 
when taking a heavy cut, or a slight slow slip of th A get in the ¢ 
of the machiné. ’ It appears etter that nothing should be left’ to chance, 
and that’ the angle should’ be tested after ‘the’ gear ‘is’ ‘cut ‘and before ‘the 
work’ is removed’ from the ma¢ by. the" hob 
it as ‘just ‘touch th a'separate | 
arran 
gear ‘and :corréct' alignment, perfect ‘contact is ‘ot neces- 
btained, as owing to the hob receiving’ a'certain feed for each revo- 
tution of the wheel of pinion being cut, the working’ face’ of the tooth is 
more in the nature of a number of facets. than a fair curve.’ This’ is 
ted ‘when the teeth’ are ‘shaped ‘ini’ a'sinigte opetation;'ds favored by 
‘the majority: of geat-cutters, and’ the faces’ are often observed ‘to have a 
torn or scored appearance ih the ‘direction’ 6f ‘the’ cut.’ question, 
“therefore, both ‘from the’ ‘point “of ‘view correcting fall‘ érrors in 
helical angle and the formation of, fairer surfaces whether a mee ishing 
‘cut‘should be takén and ‘then 'the’hob run through’ again itt’ different rel- 
ative position to that in ‘which the tain’ remove the 
high‘ points’ between’ the’ facets ‘and to’ sttiooth ‘the ‘that have’ been 
tori, ‘due to the hardness of the niaterial when taking the pfifhaty ¢ 
speed “OF ‘the! teeth Has at effect onthe ranting ‘and dura ‘of 
‘the gear, ‘Owittg to’ the interisity’ of shock 'on thet?’ With’ the modern 
‘methods 6 arid maritifattire, and’ with: forged thé ‘limits 
formerly ‘a th Spur ‘Have beén ‘nitich exceeded, and there’'is 
ample’ experience to ‘prove’ that satisfactory’ ‘working ‘can be obtained with 
‘Speeds of 140 foot-seconds, and ‘there ‘seemis'no ‘teasor to assume ‘that this 
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-speed: could not: bé: sensibly exceeded; :The effect of the) rise iof tempera- 
the: teeth; due, to: thé: rubbing: contact! when: off) the pitch: line;-has 
not appeared to be sufficient to affect the: working: in: a well-lubricated gear. 
In general, gearing ratio not exceeded i in 
moderate. and high-power. » 92 

aval practioe are given in the table below. 


the. # a gear ‘the questioi: ak move- 
‘ment due .to necessity inion requir adapt 
itself, so that the load on. each element should. be the same, This move- 
ment, is not difficult to cater for, in a single reduction, as the gear. wheel 
being fixed by. the thrust block, it is only necessary to provide an. expansion 
‘coupling .between Pinion and. turbine, spindle, and allow clearance between 
the ends of the.pinion elements, and the, adjacent bearings, The problem 
is, however, more difficult in the,case of certain designs of fouble-reduction 
as relative. movement required, between the shaft gear, 
reduction element, and also the latter. an 
he intermediate reducti a eayy., or 
four working faces, iy diameter .two. small, 
possesses. more Inertia. than pinion, and. in the, event of 
9, avoid the same. tee ion an gear.w com £0 tey- 
olution after revolution, to ‘usual to fix 
the, gearing ratio so. 1s, not only; not, number, but. the. number 
teeth the. whe and. pinion have; ino factor This, 


dition. to: the of, gearing, previously: referred 
to, the re e due.to the, fracture: of. pinion 

igi his. its is the we weakest, pa rt.of the teeth, as no support is 
‘given, on a ae of, ithe portion, rece sea the pressure. . Chamfering off 
sof. the jends of the ‘pinion. teeth, as, shown, in Fig... prevents. 
coming onthe extremity. Fracture of these teeth, might be: expected with 
an,,error in the helical angle: of; the components, ‘leading, to, an’ excessive 
intensity, of pressure, at one end: of an element, but cases have occurred 
where, a; has taken. place, and. yet pf, the gears has 
shown the pressure, to, be uniformly, dist along, the dength of the 
tooth. ing that under these ia i sgt stress is low, other 
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reasons have been sought for.these failures. “Of the six cases, four oc- 
ccurred.during.the contractors’ trials, one occurred after.two half 
months, and the other-after seven months’'service. In neither-of the fatter 
two .casés' has the defective gear been ‘removed: from the-vessel, and they 
are still running’ with the broken teeth having been trimmed off and the 
gears dressed up. Defective material-has been indicated as the probable 
cause -of this defect; ‘but-althongh careful analysis-has been made, in no 
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cases have the y wrong with the 
it hasbeen noted in one or-two cases that the structure has not 
| been. the best.possible. It should’ be noted that before the vessel has been 
accepted by the Admiralty: the teeth of the high-pressure pinion in a 
destroyer have ‘received their full-loadabout “1,000,000 times, and in the 
Y case.of a flight cruiser about 600,000 times, and the causes of failure re- : 
i ' ferred to may, in the absence’of any other reasonable cause, be attributed 
to a fatigue flaw-developed in the alloy during its manufacture. 
~The. type of steél used for pinions must possess several essential quali- 
ties, viz, (a) 'stretigth to resist permanent déformation under stress ; 
stiffness, to avoid undue whip or elastic deformation when reining | (c © 


surface hardness to prevent wear; (d) so'that j it-can stand 
shocks and ‘blows. In-addition, there is:the important fact that the teeth 
have to be cut after tempering the material, as otherwise distortion’ of the 
teeth would arise. The specifications governing the materials for gear 
forgings for naval service and their ‘treatment are given in the:appendix. — 
It appears that finality in‘respect to the:most suitable material for pinions 
has not. been ‘reached, and it is possible in future that the use of a chrome+ 
nickel steel with a low percentage of chromium; say, from 0.8 per cent to 
0.5 per cent, will receive consideration for these details in place of the 
nickel steel’now employed. is known that the effect of very slight varia- 
tions in‘the percentage’ of the’ constituents, variations that may occur ‘in 
different parts of the forging under the best. conditions, are: sufficient to 
completely upset the anticipated results of the heat treatment, but judging 
generally from experience ‘with service gears there. does ‘mot seem. amy 
pressing ‘feason depart ‘from 
vessel ‘is accepted: e iralty- 
after the full power trials,:and* all ‘surfaces, especially the roots: and 
of ‘the teeth, scrupulously! examined :with a powerful magnifying glass. to 
ascertain whether there flaws’ or signs of 
may lead:to subsequent fatigue failures, 
During the early runnitig of gears on sérvict therd de often 
the faces of the teeth gn action known as pitting. Small flakes’of metal 
are detached from the otherwise smooth surface of. the’ teeth, ‘leaving 
small hollow depressions, varying in size from a small speck: to as:large 
as % inch diameter, and 15 thousandths to 30 thousdndths of an inch deep. 
They are most common’ ‘4n the region of the pitch line;“where only ‘rolling 
action ‘occurs.’ It is difficult to account:entirely for this pitting: A:lack of 
homogeneity in the material at the tooth surface (and careful ge ‘by 
micro-photography ‘oes: reveal this),:or crushing: of ‘minute High spots 
causing failure of small’ sections of the metal at these high. spots :are pos- 
sible reasons for this pitting. This action in the vicinity of the pitch line 
may possibly be due to the metallic contact: réturring ‘there.as a result of 
the allure of the oil film, observing that the rubbing: velocity of} the teeth 
is gradually reduced from a maximum at the:tips and root to:zero'at the 
pitch line. : In any case the actiom is not found’ to: be:deleterious to the 
smooth and efficient working, and it usually ceases after‘a short time. De- 
formation leading to: scoring andwear 6f the teeth isa: serious, but forta- 
nately rare,: in naval gears, and the only.,cases: om: service:in: which 
such wear has taken: place were previously referred: to as: having 
suffered from: misalignment and: in: the case boat» referred: to 
later. It has, however, taken place during: the: contractors’: trials of: at 
least two ships, involving removal with either té-cutting to a modified ‘form 
of tooth, necessitated» by the: wear, or: the: substitution of ‘another gear. 
The ‘working is seriously by ‘such wear, as,’ apart fromthe 
‘duction of life involved, it. is accompanied! by excessive noise and heavy 
“ shivering”: of, the: gear,’ ‘which transinits ‘its effects:to the turbines and 
subsidiary fittings, causing failure of lubricating pipes, etc. Once deforma- 
tion is present, or sets: in, the whole face ‘of: the tox tooth is affected, even at 
the pitch: line, where: the ‘conta¢t:is: more of due to the 
wear of the faces ofthe teeth, there isa tendericy: fo the: points of the 
harder pinion teeth: to ‘dig: in’: and tear: across: the ‘flank: of the tooth 
when disengaging, the ‘concentration: of ‘the load) on: the: pitch-line then 
being’ ‘s0-great as to: cause: elastic deformation anda: continuation of the 
digging in, failure-of the oil film takes place;:and the whole surface of the 
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slight error in: tooth: considered to:have been the ‘cause in 
— the‘action, ‘being then. accentuated by. the: consequent failure of the 

From this same point of view any grinding in of the gears, apart from 

’ the practical: :difficulties. of carrying: ‘it-out, appears to be undesirable on 

theoretical grouinds, and as. it causes wear of the flanks and faces of the 
teeth, it leads to an undue concentration of pressure on the pitch-line. A 
few service have Subjected: to this. operation, but it is not now 
being applied... 
Another’ during their early life is for a minor 
action of the above nature to take place, the teeth at the regions of higher 
pressure being rubbed away,’ or caused to flow so that a sharp, razor-like. 
edge.or small: “ rag”: is formed: onthe: points of the teeth. It can be 
stated as a general principle, however, that once these harder regions. of 
pressure have been “ beaten down,” the load is more uniformly distributed, 
and the action: does not continue, nor is the working of the gear. affected. 

With the oils used for naval service corrosion of the: gears does not: take 
place. Some slight admixture of water with the oil always takes place, . 
chiefly due to steam from the turbine glands entering the adjacent bearings, 
but beyond a rusting effect of the wheels and pinions generally the working 
faces are not affected. » It has been suggested that in the early life of a 
gear it might be advisable to. use an oil carrying a proportion of graphite, 
from the point-of view that under the working pressure the. microscopic 
irregularities in: the surfaces would be filled by small particles, and in a 
shost time highly ‘polished’ surfaces obtained. As. the lubricating system 
of gearing is, however, common with that of the turbine installation, it has 
not been generally adopted, bor: this i is being tried i in two 
boat destroyers. 

_ From the general experience 0 far enined: there i is no reason to suppose 
that gearing should not have a tong life, provided that a reasonable aniount 
of care be:exercised in: running an installation that has successfully passed. 
through its specific trials. ‘Gauges are supplied for testing the wear of the 
teeth, but as in practically all cases the’ wear is it is Rot 
usual to keep‘records of this.’ 

Some cases of failure having been mentioned, it is:of interest to ‘sum up 
as.a whole and see:-how far’ the :anticipation of: reliability has: been: sub- 
stantiated. Of the. 596 sets of all-geared: installations on service ‘in :the 
navy, some extending up to nearly ‘six years, it has:only been necessaty to 
actually: remove three for refit in the misalignment: cases referred to, and 
here it must:be emphasized that no’ actual breakdown occurred, and the 
gears, after dressing up and in one case new  pinions. being supplied, were 
subsequently re-utilized.. Also in the case. ofone of the boats the 
two,gears had to be removed on: service: owing: to their becoming noisy and - 
wearing slightly. “The wheels were “ dressed: up and new: pinions fitted. 
Of thei cases: of fractured. teeth, which are two: in number, the gears were 
not removed, the broken’ or cracked: portions being: removed and damaged. 
teeth smoothed up. In another case a breakdown: occurred: through a 74- 
inch: bolt, inadvertently left in the: gear-case, passing between pinion and 
wheel and damaging a: portion of the length. This’ set was replaced by a 
spare, but:the.old -wheel: after cleaning: up’ is retained as a’ spare with 3 
inches:of the :tooth face. out 40 inches. total missing: The failures on 
trials have been: four with’ fractured: teeth and: two: with ‘excessive wear, 
and it must be:admitted that these: figures are) most ‘satisfactory: when: it.is 
remembered: that the development and’ experieiice of these: 

except fora cases, confined :to warships. 
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Apart from the reduction in size of the turbines which led.to more rigid 
and reliable units, there: is a great decrease in the quantity. of turbine 


. blading required; and: at one period of the war, owing to the enormous 


demands for copper ‘in the munitions, etc:, service generally, any iquestion | 
which lessened the demand for the supply of this metal or its alloys was of 
importance, and the reduction in blading required’ owing to the adoption of 
the all-geared installations reduced the ‘strain on the blading: makers, and 
avoided any possible delay in the construction of warships from this cause: 

Some typical figures showing this are: In a direct-driven torpedo-boat 
destroyer of 25,000 shaft horsepower, the total length of blading sections 
fitted is approximately 70,000 feet, as compared with 7,720 feet in an all- 
geared installation of 27,000 shaft horsepower. As, however, the section 
of the blading in the all-geared type is heavier, the weight is not in the 
same proportion, being as 4 to 8% tons, Apart from the saving of fuel, 
and slight reduction in boilers owing to the gain in economy, there is no 
great saving of overall weight in the all-geared installation, the gearing 
being a heavy. fitting and helping to outweigh any saving. PENA on tur- 


The question of. economy. which was one of the primary. reasons for 


. fitting reduction gearings has been substantiated. Generally speaking, the 


advantages of the present all-geared installations over the most recent 
direct-drive types fitted are shown in the table below, the figures bein, 
based on the increase of the radius of action for the same quantity of fu 
under service conditions, and therefore taking into ‘account the gain in 
in and sof an increase in propulsive 
efficiency. > 


The. tal steam conditions in, the cases of the and dre 
drive installations are the same in each case..- , 


i 
Gai pom | Power. -} Three-fifths | Power. 
Flotilialeaders 20-0 20-0 
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It should also be noted in this particular that super-heated steam has not 
up to the present been used-in any all-geared ‘turbine installations.in the 
naval service, but with the advantages to be gained: from: the possible adop- 
tion in:the future the smaller rigid turbines: used would conceivably be 
more adapted for superheat than the larger direct-drive units: 

The author is indebted to Messrs. for the of 
the gearing of a and i a flotilla rating 
this Paper. 


APPENDIX, 
I, Exrmacr From Apmmaxty 


Gearing for Turbines—The bearings, shafting, and all parts ot the gear- 
ing in connection with the turbines are to be accurately in line and the 
pinion shaft is to be truly parallel with the shaft of the main wheel, and 
the gearing is to be most accurately adjusted for correct working. The 
whole of the above parts will be tested both in the shop and when erected 
on board to ensure that these conditions are observed. The supports of 
the gearing are to be rigid, and the whole system is to be worked without 
vibration on trials. | i 
~ ‘When the pinion bearings are. bored and fitted in place to give correct oil 
clearances a circle concentric with the bore is to be clearly marked on the ~ 
ends of the brasses for guidance in boring after subsequent remetalling. 

The gear wheels are to be of forged steel, apa the rims.upon which the 
teeth are cee are to be separate from the body of the wheels. 

Special consideration is to be given in the design and method of con- 
struction of the pinion and gear wheels to ensure that the process of 
manufacture of the parts upon which the teeth are cut is such as to ensure 


ge 
Ctest- 


maximum uniformity of as a hardness as 

possible over the whole of the working surface of the teeth. This condi- 

tion is to be demonstrated if required to the satisfaction of the Admiralty 

Inspecting Officers. 

. The teeth of the gear wheels and pinions are to be‘chamfered at the ends 
in accordance with latest practice.” 
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> The gearing is to be cut by approved makers and) in machines of ap- 

proved type, and: the accuracy of: these machines is. co be demonstrated, if 

required, to the satisfaction of Admiralty ‘Inspecting Officers., The lubri- 

cating arrangements for the gearing and pinion shaft bearings are to be 
carefully considered and specially submitted for Admiralty approval. 

Phe teeth of the gear wheels ‘and pinions are to be cut with a 

angle of '30 degrees at the works of the same maker. 

The flexible couplings are to be made independent of rotor spindles and 
pinion ‘and ‘fitted with provision for lubrication,on an approved 
principle 

The pinion element of the gearing is to be of nickel steel containing 
abet ba not less than, 3.5. per cent nickel and 0.3 per cent to 0.35. per cent 
of carbon 

The pinion ‘gearing may be formed in separate. rims shrunk on to the 
shaft and ‘Suitably secured in an approved manner, or manufactured solid 
with the pinion shafts. If made in separate rims, the blank is to be’ hollow 
forged or rolled, leaving as little margin as practicable for turning off on 
the internal or external diameter, but at least 1 inch is to: ‘be machined off 
each end'of the blank after forging. 

-If made! solid ‘with the shaft, the pinion blank is to be reduced at least 
2 inches in diameter and» 2 inches on each side of each pinion blank by 
machining’ from the finished forging. ‘The Pinion shaft ‘to be’ hollow, 
and after*rough machining it is to be oil-hardened by’ the - following or 
other approved process :— 

The forging is to: be heated to 880 degrees C. and then quenched in oil, 
this to be followed: by tempering at 600 degrees C.:—- 

‘In both treatments the time of heating isto be the minimum required to 
raise'the center of the forging to the specified temperature, and this ‘mini- 
mum should not ‘be exceeded by more than half an‘hour. 

The gearing teeth are to be accurately shaped, are to be well patie’ 
off at the roots, and are to have approved clearances in the pitch circles. 

Test Pieces—Test pieces are to be taken from — forging, and: may 
be cut off after°annealing. 

Tensile Tests: ~The test are to the: conditions of the 
precesing ‘table. Tes 


The. gear wheel i is : made up of. a continuous shaft, of a rien: iia ofa 
center uniting the shaft to the rim, The center may be made of a solid 
steel casting, or of two.or more forged steel wheels 05 Re CRP of 


Fig, 14 ghowa through typical ‘cla. Cast d forged steel 
wheels are shrunk seis to the shaft, and, the pis oa in turn shrunk 
and. pinned on to them... Plate centers are. bolted by, fitted bolts to flanges, 
made solid. with the shaft and with. the, wheel rim, respectively, The 
larger designs are. arranged with a separate, casting keyed to the pha 
which carries the flanges of the center plates. The rim is made of fo 
pes steel of’ tensile strength, 31 tons to 35 tons per square inch, The 
rtions of the rim.in which the. teeth are cut,are made in one piece 
for those designs in which the rims are shrunk on to the wheel centers 
comprised of steel forgings or castings. In the built-up designs of wheel 
centers comprising ‘plates, each rim: section and the intermediate: portion of 
the rim, joining. them: is made separately and bolted together; 
necessary for constructional reasons except-in very small designs. - 


| | 
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No special: advantages as regards working on service is claimed for 
either form of construction, and no cases of failures of wheels ‘or gear 
cases structurally have occurred on trials or service. 

__ Fig. 18 shows the method of chamfering off the corners of the teeth ne 
the pinions and gear wheels to prevent any possible excessive stress being 
taken on an overhung or incompletely supported extremity: As a further 
safeguard to the teeth of the pinions having in view the effect of deflection, 
they are also thinned off as shown. This thinning off also — the load 
off the end of the wheel: teeth—‘ Engineering,” 9, 1920.) 


TREND OF ENGINEERING. 
_ By Lirvtenant -Commanper H. G. Donatp, U.S. N. 


Besides the experience gained and the Jesnons taught by the war, the 
United States Navy has added to its fleet over two hundred and. fifty 
destroyers in which are incorporated, despite their rapid construction, all 
that is latest and best in engineering to suit their needs. ‘The building of 
the battleships, battle cruisers and scout cruisers, plarined just before our 
entrance into: the war, has necessarily been delayed, but is now. being 
prosecuted. ‘The machinery of these vessels constitutes the highest devel- 
opment for installations where very large powers are required, and’ is, 
precip rea of as much interest today as it was when it was planned. In 
fact, the planning and improvement of these installations were continued 
throughout the war and are only now nearing final settlement. The de- 
stroyers laid) down by this country in such numbers ‘to answer ‘the Hun 
submarine problem are not yet all delivered; and their engineering charac- 
teristics are up to the, minute for very light weight, high powered 
requirements. 

Without question, seacmnieide of the world have been the clearing hotties 
for the development or ‘rejection of new ideas in:imarine machinery, and 
this is one of the important peace-time functions of the United States 
Navy. Not only are various inventions and improvements given a trial 
under conditions where the operators are above the standard of. the 
merchant operating personnel, and where their true worth is demonstrated 
beyond a doubt, but also the necessary encouragement is given the ma- 
chinery manufacturers of the country under conditions simulating Govern- 
ment subsidy. The Government itself does a great deal of _experimental 
and research work which has helped the art of marine engineering. Of 
course, there are certain conditions for which naval machinery ‘must be 


designed which are not met with in merchant practice, notably, design to. 


provide for economy.at low power (cruising speed), and duplication of 
units, but, in general, the most up-to-date naval practice may properly 
considered to be the future trend of merchant vessel machinery.” It is 

hardly likely that any types of propulsive or auxiliary machinery or borlers 
will be- introduced. into the merchant service ‘which have hot first been 
proven to be successful i in the navy from the bio of both economy 
and reliabil ity. 


WAR A ant sas 


The merchant marine ’as' ‘it ‘stands today’ purely @ 
of the war. ‘The majority ‘of: the vessels were built for the: Emergency 


Fleet Corporation: ‘Due to the fot quantity production of ‘cargo 
carriers ona large: scale, the standard ‘ship: was evolved. If it had been 


. 
| 
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possible in this country, as it'was in Great Britain, where the shipbuilding 
rae was so well developed, the regulation merchant vessel equipment 
of triple expansion, reciprocating engines and Scotch ‘boilers: would: have 
beeri installed in’ practically all ships. was, although all) facilities for 
the manufacture of the regulation engines and boilers were: used, and the 
Government: contracted: for shops and ‘even whole ‘plants: for’ the manu fac- 
ture of Scotch boilers, still the demand far exceeded the supply and the old 
standard installations were supplemented ‘by large and small: tube -water- 
tube boilers, (geared turbines and internal: combustion engines; Thus there 
were adopted ‘for merchant use machinery and boilers ‘which. in the ordi- 
nary course’ events would not come into wines use for several 
years. 
merchant sea-going: loath tw: take up: 
ideas. It isconly:natural that he should be more: averse to them than his 
brother ashore, who can obtain ae advice of experts or the services:ofi the 
manufacturer's repair men by sending’ a telegram or. using a:telephone. In 
a ship, when: she leaves the dock, the engineer must, be: sure of his ma- 
chinery; for he is entirely independent of ‘outside assistance, and, in addi- 
tion, there are the perils:of bad weather shoulda: ciishap occur. . The 
wireless telegraph has done a great deal to allay these apprehensions. 
he personnel situation in the merchant marine, particularly in regard 
to engineers, is a very serious one even now.’ The inability of personnel of 
little experience to operate the newer ‘types. of machinery:has caused’ much 
destructive criticism where it was not deserved. While the failure of a 
new type of machinery is. spread broadcast, that of the old is not consid- 
ered to be of sufficient importance or interest to warrant discussion, and it 
is not generally heard of. But it may be safely stated that ‘there have 
been as many casualties with the older types of machinery as there have 
been with the newer ones. One point in regard to inexperienced person- 
nel that i is worth bringing out is that this same inexperience and newness 
to marine engineering will make. the operating engineers more receptive 
of bi more advance: ideas than’ Wail engineers that had been brought 
up at’ 

The increasing cost of fuel is compelling shipowners to seek, for and to 
adopt any ‘improvements in machinery installations that will give economy, 
providing reliability is established:’° The recent development’ of marine ma- 
chinery has been along the lines of securing greater efficiency of the unit 
and greater economy in overall operation. There ‘ate some whio will say 
that a number of the late improvements have still 'to prove their reliability. 
Recent development has not been in the nature of making machinery more 
complicated, but just the reverse, ahd it'can’be ‘stated from’ pérsonal expe- 
rience that the operation and upkeep of a highly modern installation is a 
much’ éasier ‘task ‘than that of caring for one ‘of ‘the same’ he built 
“MACHINERY ¥OR MAIN PROPULSION. . 

Reciprocating steam engines, turbines, direct connected; ‘turbines, 
with single or double reduction gears connecting! them: to: the 
propeller shafting ; turbines, driving electric generators. which in’ turn sup- 
ply current for turning motors connected to: the»/propellershafting; either 
direct or through mechanical, reduction gears; internal combustion engines 
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steam engine is the old standard mechinery 
for merchant’ vessels of! the cargo type. This engine has been developed. to 
what may be:considered its maximum efficiency. . For slow ship, speeds and 
low powers much to recommend. it from its: reliability.;. The: usual 
type is triple expansion, 'three-cylinder, vertical, inverted cylinders. /Quad- 
ruple.expansion is also in use. One of this type 1s.that found.in specifica- 
tions fot latest Shipping Board »cargo .vessels::of 10,000, 12,000 and 
15,000 deadweight: tons.’ The engines! to ibe, used: are quadruple: expansion, 
four-cylinder, using the Yarrow-Schlick-T weedy system of) locating crank 
angles for balancing. An economical figure of .83 pound of fuel oil; per 
indicated horsepower-hour® claimed.)»\The. medern. naval. reciprocating 
engine is«triple: expansion, four-cylinder: (two low-pressure. cylinders), 
atranged>in the order of: forward low pressure, high pressure, intermediate 
pressure ‘and after. low: pressure, and: fitted. with :forced: lubrication. :for :all 
bearings ‘including ‘valve: gear: .In general‘use today: the Stephenson 
link: gear, piston ;valves on ‘the high» pressure and intermediate pressure 
cylinders, »and::balanced ‘double-ported slide valves)on: the Jow-pressure 
cylinders. (piston -valves'in the navy.), straight; short ports giving minimum 
cylinder clearances: and» the lowest’ possible ‘steam velocities. The; strokes 
used for: slow: speed: cargo vessels are:»:36 to 40 inches for engines: of 
1,000; to:1;250 indicated: horsepower; .40 to;48: inches; for engines: of 1,300 to 
1,800, and 48,.54 to 60 inches for|larger-sizes. revolutions per minute 
with reciproeating steam engines. for ship speeds: of::9:to.12 knots are 90 
‘for indicated) horsepowers up to: 65 


Navy Department determined to y the ‘turbine. for marine 


propulsion. Three Scout cruisers were authorized, one to have reciprocat- 

g stéam engines on. two: shafts, one to have ’Curtis turbines. on two 
shat and one;to have Parsons turbines. on four. shafts, all using direct 

ive of the propeller,. On trial, of these vessels, the reciprocating engine 
showed up to better advantage than, either,turbine. However, the. results 
obtained and subsequent. in: design warranted, further. tial 
of the turbine in other vessels, 

During the tests.of the next few years it still appeared that the, recipro- 
cating engine was better suited than the turbine for marine use, , This was 
because. the, designers. of the turbine. lost. sight of economy.of propulsion 
and aimed only. at securing economy the turbine. A number of methods 
of securing economy of the turbine at cenising 9 d. apere developed, in- 
cluding extra turbines for use at low power only and a combination of 
turbine and reciprocating engine. _ These methods prevailed until the devel- . 
opment of reduction gears!" 

By the introduction of such gears, tists the turbine speed could be 
kept high at.all speeds of the:vessel and the propeller speed kept low, large 
increases in. the: economy: of :ptopulsion: resulted, «with the ‘further ‘result 
that the: turbine! firmly established ‘itself in':favor. ‘This: discussion ‘applies. 
to cargo: vessels ‘as well, ‘for it must 'be: sremeinbered that the ortising: speed 
mentioned isaround;12 knots; 

This vatiation of turbine and: has accomplished dio 
two ‘ways—-by mechanical ‘reduction using helical geats and by electric ‘re- 
duction having the turbine drive a generator which drives Lapis a 
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motor. on the propeller: shaft. :;The first: trial:of the: mechanical! reduction 
gear in the United States Navy occurred: in 1910; and» the ‘trial, of ithe 
electric drive was in 1911, the ships used being naval colliers. :Both:of | 
these trials’ .wete:bighly: successful; and>although there have been a num- 
ber of: direct-connected: turbine ‘installations put ‘into’ naval vessels ‘since 
that 'time; this: method of: drive xis! now no longer: considered. The! 
destroyers: built during the war:at Newport with direct drive of 
main ‘turbines ‘and: geared: cruising ‘units: were only allowed because of 
the difficulty of securing the gears: for: the main: turbines; all of. the! re- 
mainder of the: time have: geared) main 


dy 


REDUCTION GRABS... 
In the naval service, it is now standard to use mechanical or electrical 
reduction on all vessels that are to be operated by 'a aval crew.’ Electrical 
reduction is used only for capital ships, battleships and battle cruisers, 
Both the  réliability and the economy: of! the turbine have been established 
from a naval point | Of ‘view. Geated ‘turbine “drive ‘on destroyers ‘has 
raised the economiy’ of propulsion at cruising ‘speeds over 30 per’ cent, ‘and 
in larger: vessels the’ saving, ‘while. not’ ‘80 great, is a very substantial 


The 20, 28,000’ shaft battleship North is’ ah 
interesting case where the main turbines have been of both types. The 
original turbines were direct. drive, installed.in :1910, and were replaced in 
1918 by mechanical-geared turbines, one high pressure and one low pres- 

sure on each shaft, It, is stated in the last, annual, report; of; is, chief of 
of Steam Engineering that. the. gain in economy of 
ted has amogunted to,31 per cent.at practically all speeds... 

it. were not for the turbine itself, such high: powers as, are, in. or 
contemplated on battleships, rbattle scont cruisers and. destroyers 
would | _out.of the question, .For example, the: owers.to be used and in 
use in our latest. high speed warships are.as:follows: Destroyers (35 
knots), 28,000 shaft horsepower ; battleships (23 knots), 60,000 shaft horse- 
power; scout cruisers (35 knots),, 90,000. shaft horsepower ; battle cruisers 
ie knots), 180,000 shaft horsepower. ‘Truly these are. stupendous and 
st; -unbelieyable figures,. if the light of five years ago. 
‘Speeds as high as. 39.7. knots, (H.M.S. ryan). have been obtained with 
turbine. installations in, destroyers, As high as, 25,000 horsepower pet 
and, 15,000, Binion are. in 5 


So 


The éfficiency of: the has: the ‘subject of 
discussion, but; with good: design, a’ figure:of 9844 per centforisingle 
reduction ‘and 97 ‘pet cent for double reduction! gears: full power:'seems 
safe. The angle of the teeth has beem reduced from! 45 degrees to: 30 de- 
grees» in'a number’ ‘of designs! and small pitch appears ‘to be 
preferable a large’ one, provided thetooth pressure is ‘not allowed to go 
too high. In general, gears:have been. satisfactory service, and cases of 
faiture!'can'all be “traced to hurried ‘manufacture, defective material’ or 
carelessness:in operation. |‘ Pitting of the teeth, due to’ excessive local pres- 
sure; causing spots of small diameter toi flake off; has not affected the »work- 
ing or the life of the gears. ‘The most successful gear:manufacturers ‘use 
horizontal machines: for ‘cutting: gears’ and’ ‘some’ have ‘an ‘attachment ‘for 
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causing the table to’ creep, thereby discounting any small error in cutting 
which would otherwise produce! objectionable: ‘Vibration 
gear is in use.) 

Not«only has the. geared to be: tnquatified: suctese 
vessels, ‘but alsovit has been taken up extensively for the propelling 
machinery of ‘merchant vessels of both ‘cargo passenger types. Once 
its reliability is established beyond: a doubt when operated | by’ a merchant 
crew; it will ‘be the only design considered where steam be employed, 
with: the: possible exception: of ‘turbo-electric drive} :and where the’ 'pros- 
pective operating personnel is ‘ofa low order. Of all the vessels 
by the Shipping Board, 40 per cent are geared turbine drive. x iy 


TROUBLES GEARED ‘TURBINES. 


“Tea is, that a great deal of trouble: with, the 
gears. of these vessels, and it is because of this that the Shipping Board. in 
_ its latest vessels is considering only the quadruple expansion, reciprocating 
’ steam engine. In all fairness to the gear manufacturers, it must be stated 
that these. troubles were. due either to the hurried manufacture. of the 
gears under stress of war conditions, demanding the full capacity possible 
of the shops, or were due to the inexperience of the operating engineers, 


i 
ary 


“LUBRICATING 


oA aid’ to’ the successful operation of tle ‘on 


merchant ships is the new ‘arrangement of the lubricating ‘system 
introduced into these vessels, and troubles undoubtedly’ will be’ less fre- 
quent when it is adopted on all geared turbine ‘ships operated by merchant 
crews. “Lubrication of the main propelling plant is a very important item 
in any system, but it is of paramount importance in turbine ‘drive, whether 
direct’ or geared. The choice ‘of lubricating’ oil is ‘well handled by, the 
large lubricating oil companies, and, for the merchant ‘service a ship is 
hardly likely to get the wrong kind of oil for the type of engine installed. 
- The system of lubrication originally installed on merchant ships ‘has not 
proved ‘altogether satisfactory, and the failure of many geared turbine in- 
stallations has been due to this ‘fact. In the naval service, it is standard 
practice to supply the lubricating oil by duplicate ‘pumps ‘under préssure 
direct to the bearings and gears. This method’ has proved:a most ‘satis- 
factory one, and there are few cases of failure of the system. In the 
merchant service it has been found necessary to install tanks of . consid- 
erable capacity at a height above the engines that will insure eared 
pressure on the system’ to: the bearings, '20: feet;»or about 10: pounds,;:be 
considered asminimum’figuse. ‘The. tanks are: fed by the ‘forced tubtieating 
oil pumps «and :an ‘alarm (float type, ‘is titted son the tank to give 
due warning :whier ithe supply is getting low. 

For merchant’ practice; two methods of installing. ‘pumps: haveshess 
ened; ‘one; with the pumps driven from thé: main shaft; and, the other,: with 
pumps having. independent are: provided: ini duplicate. 
Strainers. in ‘the oil discharge: piping are always. installed,’ and, in, naval 
practice, in the suction: piping-also: Thej:application: of ‘the: centrifugal 
separator, firsttised for the separation of cream from milk, for the renova- 
tion: of lubricating: oil marks, great advance in. lubrication ont 
eliminates many of the:troubles'that: -appear only incmarine! 
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The separator removes from the oil both water and sediment in: a most 
efficient’ and éxpéditious manner, even when salt water has formed an 
emulsion with the: oil, and delivers the oil in the same’ state as when ‘new. 
These separators are ‘being installed’ by the navy wherever forced :lubrica- 
tion is used. When used properly and réegularly, they safeguard the bear- 
ings by making it possible to keep the oil: continuously: in’ good! condition, 
and there i$ no ‘reason’ why, with due care, bearings should any 
appreciable wear even'after years of service. 

The money value in oil saved has made their installation i in onal ats 
well worth while. The method: in general use of settling out sediment 
and water by heating the oil in settling tanks is not nearly so satisfactory 
in that the separation of the impurities from the oil is ‘not complete, the 
time for settling with any restilts at alli is comparatively very ‘long, and the 
tanks required are cumbersome. 
~The single reduction gear is in’ use where the ship speed. is above about 
14 knots. For speeds below that, the double-reduction gear is usually 
found. The cargo ship recently built propeller of ‘90 
ute for geared-turbine, drive. 


"BALANCE oF ‘TURBINES, GEARS, AND PROPELLERS, 


"When using hhigh-turbine speeds, as in reduction geared 
matter of securing a good degree of both static and dynamic balance is of 
much importance. This matter has been taken up by the navy at a recent 
date, and although only a few installations have been scientifically balanced, 
the necessity for it is recognized, and ‘it will. become standard practice. The 
most successful balancing ;has been done, by..the Mare Island and, New 
York Navy Yards, where not only are the turbine. rotors balanced, but also 
the pinions,.main gears,. shafting, and. propellers. The perfection of, bal- 
ance obtained has been such that when the turbines are driven. at 20 per 
cent) over speed: (with: propeller; shafts: disconnected), .the vibration. is .so 
small as not to shake down. coins..standing on edge. on.the bearing-cap 
bolts... Destroyer. geared turbines which been. balanced. show..an in- 
crease in efficiency over those which are not, while the vibration of the 
hulls becomes reduced to a negligible minimum, 


the geared tndbine, dik must, the 
thrust: bearing) in’ this ‘country, and to: the Michel}. thrust: in 
Great Britain. This type of bearing makes possible the use of a single 
collar. It. gives: a decided improvement ‘in the mechanical efficiency, saves 
space and weight and gives economy. of lubricating oil... It. is suitable for 
use with any type of propulsion.’ While,it has not by any means.come 
into, general use in the: merchant service-of this country,| there are a few 
vessels in which it has been installed. ;Phe-reason for it:not beirig» adopted 
on.a large scale is the same reason: that holds back the geared’ turbine, 4 4, @., 
lubrication—oil ‘must: be. supplied: continuously.) Im'the naval-service; it has 
become the: standard: thrust: bearing: with the:building of: the: Tennessee 
class: of battleships. ‘All destroyers: built: during the) war. are: fitted: with it, 
and, in: fact; not been available, serious diffienlty would -have: been 
thet with: in! finding: sufficient: space: for :ithe:-old», horseshoe: type. The 
Géneral, Electric: turbines supplied tothe navy shave-used their type» 
roller thrust bearing on the turbines: themselves.) 
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» The: bearing pressures: used in the navy for the horse-shoe:thrust were 
from: 62 to 74'pounds per square inch, whereas, with the Kingsbury, the 
thrust pressures run from 291.5 to 425 pounds per square inch. The 425 
figure is found on the hew turbine installation of the North Dakota, where 
these bearings have been particularly successful...» | 

“Hydraulic reduction gear is in use on some German: ships'.(Fatt inger 
type), and has ‘also been tried experimentally in the British It ‘is 


"The two general t of turbines in use are the piu and the Curtis, 
with modifications of both. In America, the Curtis is found in more in- 
stallations than is the Parsons, both in the nayy and in the. merchant 
service, However, the Parsons installations in the navy, have all been most 
successful, and the more general use, of the Curtis is rather a question of 
its having, been develo ape on a larger. scale by the manufacturers in this 
_ country than has the Parsons. The design of blading and particularly the 

method of securing blades iz in the rotor have been much improved. In 
England it is usual to find the. Fars turbines that have recently 
been built fitted with an impulse type of first stage, in order to reduce 
complications due to very short first-stage blades, and consequent sa 


ar 


DRIVE, | 


obtaining both high: and high 
turbine efficiency at the same time is the reduction by means of electricity 
of the speed of the propeller below that of the: turbine’ shaft. ° This system 
of propulsion’ offers ‘such great advantages i in the matter of location of the 
machinery to obtain ‘maximum protection from damage due to under-water 
attack ‘that’ it has ‘recently been adopted by the navy as the standard ‘for 
capital ships, ¢. ¢., battleships and battle cruisers: The engineering features 
have been well developed by both the General’ Electric and the Westing- 
house’ companies, ‘and this countty is’ much farther advanced than ‘any 
other in knowledge of the details ‘of design and manufacture connected 
with such installations; 

So far, the only cargo vessel in ‘Asnction on which it has bees fastalled 
is the Jupiter. This vessel was the one*selected -by the navy for the dem- 
onstration of electric propulsion, and the result of about six years’ service 
has demonstrated ‘the reliability of the! system beyond a doubt: It was 
after the successful test of the Jupiter that the design was adopted for the 
New: Mexico-and later ‘for twelve battleships and six battle cruisers now 
building. present ‘the navy does not: contemplate the installation of 
electric drive on any vessels except capital ships). 9» 

»The-Coast Guard Service is placing this drive two: the Swe 1,600- 
ton, 2,600 shaft horsepower cutters now building. the ‘other three ships - 
have ‘mechanical-geared turbine»drive. 

In England, electric ‘drive has not réeceived attintions although oa 
merchant vessel is: fitted. On’ the: British K-class subinarines; has 

been ‘adopted’ for use: immediately: after. coming to the::surface or. just 
before’ submerging, the motors ‘beirig driven at this' time by! Diesel engines, 
When -operating normally on’ the surface: steam ‘turbines: are used and 
when submerged; of course; ‘the motors are operated ‘by’ batteries. In 
Swedeni, seven vessels are being fitted ‘with Lungstrém er ‘drive; 


two are of 1,700 ‘horsepower and five of 1,200 horsepower,))) 
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It is understood that the Shipping Board is considering ‘installing electric 
drive on some of its cargo vessels.':;For merchant:service, the Diesel: elec- 
tric drive is ‘looked upon by some with more: favor than the ‘turbo-electric 
An interesting recent installation of this: is on 
trawler just put in service on the New England: coast: 


ADVANTAGES. OF ELECTRIC DRIVE. 


The merits ‘of :the electric-drive: system’as applied to. naval capital. ships 
are well stated:by Admiral'C. W. Dyson, chief of the design division of the 
Bureau of Steam Engineering, Navy Department, in the May, 1917, issue — 
of the JournaL or American Socrety or Nava, Encineers. It will: be 
seen that many of the advantages: 


Greatly increased torpedo protection for ships, 
~ 2 Greater flexibility i in machinery arrangement, 
_ 3. Better and wider separation of important units. 
_ 4, Minimum lengths and diameters of steam pines. feapraneraicery 
_ 5. Reduced heating of vessel from steam pipes. 
Better centralization of power. 
Fewer, bulkheads pierced by steam. and feed 
8. Reduced engine room t. 
_ 9. Elimination of danger from due to 
protective deck. 
10. Greater ease in control, 
11,,Greater flexibility in distebation. 
32. Better maintenance of economy, through a wide range ats sane.” 
13. No metallic contact between rotor and statot of motor. 
Eliminates all dangers of disarrangement 98, to shaft” 
. «When the helm is put hard. over, 


aro 


22stiod 


Maximum reduction in length of 


16, Increased backing, power. ; 


>The internal combustion engine for has: not the 
stimulus that it deserves: in this Shipping Board: has: two 
vessels in’ service ‘equipped: with : Diesels, one: a 4,500 indicated:horsepower 
Burmeister ‘and “Wain: and’ ‘other, ‘a::3,000: indicated: horsepower: Mc- 
Intosh and: Seyniour: installation: It ‘has: been: tbe: 


g few are equipped ‘with internal combustion engines of 
1,000 horsepower per set. However, that there oto and increasing re 
terest taken in this country in the Diesel engine for marine propulsion is 
shown by the fact that most of the large shipbuilding companies are ob- 
taining licenses! to matiufacture: foreign’ designs arid -a:few are,.devéloping 
engines: ‘of their own) desigh.):; The:war caused:a, setback inthe! idevelop- 
ment of ‘the Diesel: for:commercial work)! which: willomake it! more difficult 
for it'to catch up with: the: geared:turbine. |Considerable experience was, 
however, gained during the war in the building of} heavy: oil: engines for 
submarine work, and undoubtedly the high ‘cost of fuel will foreé: it to the 
front in considering types.of, future: ships. 


the form of the ‘to hag been in’use 
for is, sine be’ ‘the’ proper form 
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and the many. inventions: and: attempts:to; improve..on have.come to 
nothing.» However, the:.meéthod of: preliminary determination, of, pitch, 
diameter and projected area: has been so improved that predicted. per- 
formance checks up very seta the form, 
hull is known in advance.) >. terri 49 


BOILERS. 


The main features in boiler development for marine use have been the 
introduction of the: water-tube boiler into merchant: ship work, the great 
extension in the use of fuel oil in place of coal and the development of the 
small-tube boiler of) very: high capacity: for naval: purposes, 

Upon the entrance’ of the United States into the recent war, when the 
construction of merchant vessels was taken ip by the Government on such 
a large scale, it was impossible to secure a sufficient number of the stand- 
ard marine Scotch (or firetube) boilers, and ‘it became necessary’ to call on 
manufacturers of water-tube boilers to outfit many of the new vessels. 
As a result, of the total number of boilers in the Emergency Fleet about 
56 per cent are water-tube and about 44 per Cent are fire-tube. The’ water- 
tube boiler is forcing recognition as the Superior type for merchant work, 
and one hears more and more of its merits. This is especially true where 
oil fuel is. used and where pressures over 200 pounds gage are necessary. 
However, the specifications for new cargo vessels recently issued by the 
Shipping Board call for the boilers to be single-ended Scotch, steam 
gerer 220 pounds gage, 100 degrees F. superheat and oil-fired. 

rge number of types of water-tube ‘boilers are found in Tecently 
ccm ed merchant vessels, and the type in most general use is the 
Babcock and Wilcox, with the Emergency Fleet boiler a close second. 
The customary evaporating rate used in merchant work ‘is 5 pounds 
steam per square foot ‘heating surface, for both water-tube and ‘fire-tube 
boilers, whether oil- or coal-fired. 

Mechanical stoker firing of water-tube boiléts' has ‘received’ practically 
no encouragement; although there :is no apparent: reason::why. some of the 
designs which have met with such success ashore: should) not be developed 
for marine purposes. The navy has not attempted to develop it because of 
failure: of existing designs to\\stand up! when vessel is ‘rolling, because 
of the sudden and frequent» variations in load: required::when: ships aré 
steaming in formation; and: because) of. the adoption ofi:oil as: fuel... The 
use of mechanical stokers on merchant ships will probably come when the 
price of coal drops, for the advantages''of mechanical stoker firing are 
many. where the load constant hour after, hour, and where the oe 


2 service the tube: boilervis: fins 
all installations except: whére,’on account’ of‘limited' space or weight re- 
quirements, the use ‘of the small-tube express-type boiler is mandatory, 
and in auxiliary vessels which have: ‘merchant crews ‘where ‘Scotch boilers 
afe still installed’ in few cases: 

Upon'the adoption of oil fuel for boilers, tive Babcock ‘Wilcox 
Company, in.order‘to' meet the demands ‘of the navy; modified: their ‘boilers 
as follows: The side-water walls were eliminated, heavy fire brick walls 
tu rom 15 degrees to 18. and 20 degrees an §, accor y ;out- 

¢ downcomers. were, ed between the steam drum and and. the Jower 
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front: crossbox ;: the lower. row» 4-inch: tubes: was’ done away’ with and 
two rows of :2-inch tubes substituted; At a:very:recent itwas found 
necessary: to: modify ithe baffle in. the steam! drum, in) otder, to: prevent 

priming at very-high rates) of steaming for this type of boilers»). 

uIn.addition-to/the new express boiler designed: by Admiral; Dysons which : 
is made mention of later, improvements: have. been made.in an express 
boiler of the White-Forster type, fitted with superheater. On. test at: the 
fuel-oil testing plant at Philadelphia in May,: 1919, this boiler (total, heating 
surface’ 8,353 square: feet) obtained. an- evaporation: of approximately. 23 
pounds: of water from and»at 212 degrees F. per square foot of heating 
surface with,an equivalent: evaporation of 15.3:pounds of water per pound 
of fuel-oil.: high capacity performance. It,is; of, much 
value in that’ it proves. that the express-type boiler may. be forced; without 
danger, to. a much higher ‘capacity |than formerly: thought -possible; 
In the battle cruisers; scout) cruisers and. latest typ¢:of battleship, where 
very high powers: are used, adherence: to fotmer practice, would. have 
made the boiler TT prohibitive. 


draft. ia more in ship boiler 
tions, whether using oil, or coal fuel,.. The air. pressure is.2 inches, of 
water, regardless of the fuel. For coal, the Howden closed-ash-pit; system 
is used and, for: oil| the air is supplied by ducts led to: each. individual 
alba ag In the naval:'service, a pressure’ of 2 inches: of. water is used for 
coal and 6 to 9 inches for oil. Eight inches has been, recently, adopted: as 
the standard pressure for capital ships in order to prevent flare back of 
oi} flame into the fire room due to the blast down the smoke pipe from 
heavy gunfire. “On the new 35-knot destroyers, one often sees as much as 
9 inches air pressure in the fire rooms: when the boilers are driven‘ full 
power. Naval practice has always been to use the closed-fire-room system 
of forced draft, and this will undoubtedly be adhered to in the future’on 
account of safety and comfort, although the air leakage is in design esti- 
mated at 50 per cent notwithstanding the great: care. in construction given 
.to secure air tightness of compartments. In the latest capital ships, this 
figure is probably too high, for hr boiler ‘is in an individual” compart- 
ment and, the only eto is through a well-constructed air lock.” 
~ Steani pressures have not been ‘materially increased. In the. naval service 
the tendency has been, if anything, toward a slight reduction in pressure. 
In.the merchant service it is, however, now common to use pressures, of P 
from 200 to 250 pounds gage, about. 220 pounds being the usual figure,” 
course, when. water-tube ; boilers are installed the pressure is 


use of is! recognized wort while from 
the material’ increase in economy ‘that is realized; aid an ineréase in the 
amount of heat per pound of steam ayailable for useful work is being 
obtained by superheat rather than’ by increase of pressure. In the navy, 
superheat was; introduced: in. recent: years.in the Michigan class of battle- 

ships and continued into the Delaware class only to be. dropped, On. account ‘ 
of the use of Parsons turbines, and then to a Lane | up pin in the new 

battleships and battle cruisers. now building... 
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In the battle cruisérs particularly, -where it was’necessary to install an 
express-type! (sniall: tube, large ‘angle »of' inclination tothe horizontal) 
boiler;:and as there was only: one boiler: of ‘this :character:‘om the: market 
to which superhedters :were adaptable; the’ Burcau ‘of Steam Engineering 
designed:a ‘boiler 'espécially forithe purpdse.°: Thisvboiler was brought: out 
by Admiral Dyson, ‘and the*particular feature of design is that:the super- 
heater is nested in’ thé generating ‘tubes, but’ in. such'a manner that it can 
be rolled ’out for the renewal’ inspection! of 
Supérheats of 100: degrees F. are’ common! in this country. In. England 
the’ tendency is to’ wse*200° degrees:’ All‘of the ‘later Shipping Board mer- 
chant ships are fitted with superheaters. This applies for ‘both turbine and 
reciprocating: engines, watet-tube:and fire-tube: boilers:':) The i:Shipping 
Board prefers’ the waste-gas type ‘superheater for ‘water-tube' boilers, while 
the ‘navy itistalls the superheater at the end«of the first)gas passage in a 
baffled water-tube boiler: ’ In fire-tube boilers’ the most favored 
consists ‘of’ tubes laid within the’ upper: rows: generating: 


FUEL OIL 


- Fuel oil may now be taken as being the’ standard fuel for the navy for 
all types of vessels. In the merchant service fuel oil is most popular, as is 
indicatedby a stirvey of ‘the ships: operated by the Shipping’ Board; where 
of those fitted with reciprocating engines 70 per cent burn fuel’oil’and’ of 
the turbine ships 55 per cent usé this fuel. Some interesting ‘figures ‘in 
e various types of ships in:the Emergency Fleet ese figures 
for’ el requisitions and: of vessels.’ 


“Important poin nts in ‘the develo of ail gin, the navy 


atomizer has been Ye 
a doubt” test and. _service use. The bureau Fegister may 
for either or natural draf 
_A large variety of types of registers and ‘atomizers are in use i in: rine 
can merchant ships. The oatd vessels alone’ have" fifteen types 
installed and the tendency there is to use natural draft burners. “The new 
naval general machinery specifications ptovide thatthe center of the’ reg- 
ister must be 22 inches from tubes or sides or bottom of furnace. Specifi- - 
cations for latest naval capitak:ships.make:provision for a maximum of 
* 10.8 pounds of oil to be burned per cubic foot of furnace volume. ki ol 
matter, of, having of furnace volume has. been ; 
of utmost importance. if ‘good combustion i3.to be. 


in the design ‘of’ atrxilia ce} 
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standard ‘of con that: been)in use: tos, yeats is still 
the rule. However, a number of modifications have recently come into 
use, The cross section is either, circylar or pear-shaped. Merchant prac- 
tice uses at both ends, naval practice 


tube. sheet. at ter- 


oth, sends passes of the water 
re the rule in int .and. naval ships, destroyers , d seonts, 
which one .pass, merghant practi water enters. at 
some, and.at the bottom. in, ships are 
injections, one, high for use, in, shoal, smooth water,.and one, Jow 
or. vg! at sea, On all. the lake, steamers that, were, the. sea- 
or use in. service it, was. necessary to fit a low injec- 
cole ut of weet when Ue Shp. 
Naval, two-pass, condensers. recently: constructed. have: heads. 
found that flat head, gave little area change. of direction 
flow of water at the revers ; Inthe latest Sin ke condensers the 
Surface per, horsepower hy been decreased d circulating, water 
erably increased. 
The only departure ‘worthy of mention from the ‘Laden ‘arrangement 
of tubes and steam flow is the Lovekin patent condenser. This is os 
special design with tubes and steam spaces baffling so arranged as 
provide, by use of drip. ee for a minimum loss of effective coating 
surface, by drowning of ihe Jower tubes from ‘condensed 
dripping from. the. sand to provide for a 
tical chamber in the nest from which the air ejector Fi suction 
the chamber being open to radiating passages which draw from all’ ave 
of the lower half of the condenser.. This type of condenser is being in- 
stalled in the battleships Tennessee, California, Colorado and’ Washington: 
It is also to be used in twelve army transports building at Hog Island. 
One of the latter vessels is’ now’ 'testirig’ the condenser. It is expected 
that the vacuum desired fella be obtained with a considerable reduction in 
cooling ‘surface and circulating ‘water ‘over ‘the “old type ‘without ‘special 
baffling im the ‘steam’ space. Also’it' is expected ‘that the vacuum’ obtained 
at ‘the top’ of. the’ condenser -moreé ‘at the air ejector 
Mead 


“For, air pum the is, saa ‘the favorite in m af 
service for ree turbines and engines and for ‘the. is, 
operated, by:the engine... There. oh however, 2 few. installations of the 
air ejector—condensate, pump for turbine installations, latter 
system. isthe only one considered for the latest. capital of 
both on accourit of the great saving in space and weight and 
count of the ease with which a high vacuum may be ree ere 

The augmenter type of ejector ischarging into a special condenser con- 


nected to the suction of,a, reciprocating air pump, has been, in some cases, 
displaced by the. two-stage ejector, discharging oto.an. air separating space 
in, or above the. main feed, and filter. tank,,, In. this. type, all heat in. the 
steam ‘used for operating the ejector maybe, reclaimed in the feed, water 
Inter-condensers ‘are. sometimes installed between. the first, and: second 
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stages of the ejector in order to "reduce the steam consumption, but they 
are aor necessary if the heat in the steam used does not Syed ie tempera- 
hips aré ‘ising’ vertical, simple cting type feed 
ps, sips ace sig. factite thé 
is uséd for’ feed purposes; but forthe ‘A turbine: rive 
centrifugal pumps are being iristalled on’ fargé 
the centrifugal pump, either steam ormotor driven, ‘is 
into” use’ ‘wherever this type of The 
of ‘Steam ‘Engineering, Navy ’a'preat deal'of careful 
study.'to the question ‘of ‘speed conttol’ for turbme-driven 
plemented by actual ‘tests and ‘experiments on ‘board vessels’ of ‘the fleet, 
In the mer t service, pumps, except main air, eed an circula’ 
are’ ‘the duplex, ‘doubfe-acting’ type, but even’ here 
the ‘centti furbite or ‘motor-dtivet ‘into’ use’ and is 
fo nd in “a few ‘hew turbine-dri ships tO 
miotorships, motor-driven: puntpe, ‘and ih fact motor drives 
ries of all t re the rule. 8250 TH fino 
ig the stan ard ‘nalvat: vessels forced 
draft is installed. This ‘has réplaced’ e tH blower principally 
on account of its greater range of and better dla of. ‘speed control, 
the fact that it is independent 0 -ship’s s ge 


rators 
"Merchant ship. blowers are, usually. driven ing’ a 
is.a, tendency, however, to ‘driv ating, 


olited ert ot 
bet sidsisbiz eft 
heaters are. pow. always, installed na vessels. 
heater .on, the, discharge ‘sid ight, 
tube, types, are, used... The, speci fications, haye,. recent 
ty to ‘provide for a capacity 25 per speciben greater than is nec 
sary to obtain the required feed temperature at full power and drain Saas 
such size as to handle twice the condensed steam expected. For feed-- 
heating reasons, the pressure on the “alixiliary exhaust system is carried 
a, standard of 10 pounds, e, and steam n 
spilled ‘into’ ‘the ‘main etigities, ‘with 


320% 
“similar ‘to ‘practice’ except ' that ‘bressure 
carried no on, 
Wave revéntly ‘received a great: dedliof ‘attention’ ‘ind 
ifr the navy,’ low eapacity (25 day persquare foot heating 
stirfate); hor onital' straight-tube ‘type’ has’ been’ abandoned for the high 
Shea the per heating’ ‘surface, vertical ‘coiled or “UW” ‘tube 
of evaporator has been developed toa renrarkable 
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degree and, of 120 gallons, per isquare, foot, heating. surface 
day have been made... Naval, practice now limits this to, 60 gallons per, 
square foot, heating surface, except,.on, destroyers, where as, high a 


re as 80 is allowed. 7 
install evaporators, for. operating. on five 
system. ‘Latest installations allow. for, the 
use of, auxiliary,, exhaust, in ils,, the evaporators, being operated. 

jan air, pump being, provided, for; maintaining about. 20 inches 
of, vacuum: on the: distilling ‘This, has, to:be,an, installa- 


_ It is not customary ‘to use more.. _double-effect operation, but an 

and Coli to this is the interesting installation in 

commissi din the near. fut ,excep- 

lng orators are ins and piped up.so 

ive ste may be admitted to ag effects and auxiliary exhaust 

may be admitted to first effects for single effect operation or to the second 
effect in multiple effect operation. 

The daily capacity of naval distilling plants has been materially increased, . 
destroyers from 5,400 gallons to 10,500 gallons in the latest boats 
and om battleships) fromm 25,000" gallons jan Peansyloapig class 
to 50,000 gallons on the 49-54 class: ‘Go 60,000; shaft Rotscooeeey: and 70,000 


gallons on bottle cruisers 1 to 6 (180,000 shaft horsepower). An allow- 
ance of,10 gal )day.,is considered with Ste avy he 


allowance, for all purposes except. for. engineering. 
ttment on large vessels, an. 

iture, as. 1,800, at anchor,, and, 4,200. at 12, 

chant, ships. recently, butit, have: evaporating pk 

may, if desired, distill; all the water, f 


ips built’ ut e past few year ve 
syst ems, are 

pin joard vessels. i 

sé ait “system ‘ha has cently 
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generator is’ found in ‘most coniinon use on steam merchant 
8, with ‘turbo ‘drive ona few. °Ships ‘with’ internal combustion en- 
girtes ‘for main propulsion’: use ‘sate “type of engine 
generators, 

The’ sets installed 'in ‘duplicate’ Ships, this’ having 
always’ been ‘the naval practice.’ It is‘ believed’ that ‘the introduction by the 
navy of interior communication’ on commercial’ véssels ‘during the ‘war will 
have’a lasting ‘effect’ in ‘that the need of the: telephone, call bell, and’ 
trical indicator for various purposes willbe! felt by: ship 
The electric motor-driven pump which is being taken’ up on' ‘these ve 
will also mean an extension of the electrical plant. Radio installations = 
merchant ships are now looked: upon: as a necessity. 


engineer at ati at future dévelopment as in ed by .condi- 


' the New Mesi¢o; the: frst United’ States ‘battleship ‘to be fitted 


‘drive, ‘was’ placed if’ Commission ‘at’ the York Navy. Yard’ 
May, ‘1918, shée'is now’ just ‘completing ‘her: second ‘year’ of active ‘service: 
During ‘that ‘tite’ she’ has’ seeti’ service’ of ‘practically’ every kind ‘that ‘is 
encountered by Battleship except actual! battle. “The ‘re- 
sults of this service, according to Commander S. M a ogy os USN: 
fleet’ ‘engineer ‘of ‘the Pacific’ Fiet, ‘of which ‘the New Mexico. i¢ 

ship; havé been highly satisfactory ‘and justify the judgment those’ ho 
are responsible for the iristallation ‘of ‘electric machinery ‘in the ‘vessel. 

As Commander Robinson gave a very complete description of the’ Nee 
Mesxico’s machinery in this magazine a year ago, it will be remembered 
that the ‘for consists of two main po 

tors rat 1,500 kilowatts eac 80, wer factor. 
7,250 horsepower each and havin Of § 
boosters, for the of e main 300 
or supplying ie, current £0. “Main: field ase ce 

riven “auxiliaries, together, with | switc 
‘board “and saty “and tab Mg 

r speeds tip, to itatyy 0,5 era speeds from 17 ots to 

‘speed, which is 


he motors are fun 


has, prepared 


This arrangement gives good 
0 give <a 
inst, what res 
‘the following 
two sister’ shi H 
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that of the New Mevico. During this time it has been possible to get op 
accurate comparison of the relative economy. of the’ thrée’ ships 
the relative manetivering qualities. In the latter respect, the New Mexico 
is decidedly superior; ‘and the remarkable part of it is that ‘nearly’ ‘all 
mafieuvering in‘restricted waters has been done ‘with one ‘turbo-generator. 
When this installation was* first pri itso opponents’ maintained 
whilé'a.'ship like the’ ‘Jupiter could ‘be ‘satisfactorily operated ‘with 
screws on both sides of’ the ship running ‘at! exactly the sattie speed, it 
would not be possible to get satisfactory operation’ with that arrangement 
on a ship which had to°dperate’ ‘in “formation. But’ exactly’ the reverse 
has proved to be'true; it has been found that more satisfactory operation 
is obtained when using generator’ thaty when’ usitig two, and’ it 'is 
customary, when in dangerous waters where it is. desired to take) all ‘pos- 
sible ‘precautions,’ to use one generator for driving’ the: ship’ ‘and: to’ k 
theother turning ‘over idle. If the is getting. under way from 
anchorage and has to turn, as soon as. the anchor is away the signal. is 
given en for standard speed’ ahead, on One side and ‘the same s astern on 
 othet; with this’ arrange me tthe ship will tum absolut ly on her heet 
without gaining ground, or astern; with’ erigines, wie 
it is not’ possible ‘ta’ the speed ‘So quickly and 
probability’ of Betting ‘speed ‘Oni the’ ship in ‘one direction 'or''the other ‘is 
much greater. “All the predictions in’ regard to trouble on account of the 
coridition that when’ operating’ with orie’ generator the screws on both sides 
of must’ rant at the “samme ‘speed Gt fun at alt ‘have’ proven’ 


gtotin 
itison’ of aden the ‘results ‘have, been very 
to’ the New Mexico: Mississippi are fitted with 
direct“connected turbines’ is Parsons’ ‘and the other Curtis) and have 
geared cruising turbines: the Idaho 'can'use her cfuisitig tarbines at“alt~ 
speeds’ up ‘to about’ 17‘ and’ the’ Mississippi can ‘make about’ 15 knots 
with her cruising turbines. gained by a comiparison of’ de- 
_ stroyers fitted with geared ‘main ‘turbines and those’ fitted’ with” direct- 
main ‘turbines ‘and’ geared ‘crui ‘turbines indicates ‘that’ the 
econotity’ ‘of ‘the Idaho and Mississipp? ‘at cruising speeds is about ’as good 
\ it would they had ‘of the 
New Mexico ese 18 re parti renting 
The advocates of electric claimed that it 
_ yery. superior to all other forms of. propulsion at the cruising speeds, but 
mnost enthusiastic of these have been surprised by the remark- 
al owin is’ doubtless’ act that rio’ one made 
or the sa ue to tting down. one gen 
- of 10 knots the New Mexico uses about 16.7 per cent less oil than. her 
sistet Or, it, another way, her ships use about 20 
‘thore than the New Mézxico; ‘knots. the: figures are 29.9 per ce: 
42.7 per cent; at 16 knots the. are 823. per cent or 47.8 per cent; 
knots, the figures are 28.6. cent. or 40.1. full pow 
figures are.24.4 per Cent. or 32 per, cent, knots 
\ eng the New Mexico uses about .975 pound of oil Feit 
hour, and at, 15, she onl pounds sil pet 
just ted her meal fal ‘rials nd 
aft ot sub. at donin big tires 
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; oldizesq ad ti conte Endurance 

Pounds, of ,oil. per square. foot of heating surface, . 506), 


imated ;water..evaporated in, pounds: per hour, | it 904,700 

Agage);in, pounds per square inch atthe...” 


(gage). in. pounds per. squere.inch at.the » baaisido 


Fegatd to ‘the reli j, the New Mexico has 
but minor troubles with th her electric plant and there. 
navy. y repairs there has. been, one, serious accident 
e steam pa the, machinery which, required work to be done by a 
yard, but that.w .due entirely to a mechanical Due; 
construction, of the main, governor, one, of, the. 
tached, while the. turbo-generator..was, running: without 
ran away. and operat emergency, governor, which tripped. im thrott 
but the latter maid not entirely close and the turbine ran at. over-spee 
the turbine. and ;the. entire; rotor, had.to, be 
governor has, been ch anged and. additional over-speed. pro- 
given by, atranging: for the overnor. to close, the. 
son well,as the main. throttle, machinery, -has,.been 
a since repairs;,were completed, and no, 
veloped. 
it may,/be, that the ‘performance ‘of the New Mexico 


. Since, commissioning. has, been..entirely, satisfactory in. every, way) and, 


the expectations of..those responsible. for its have 


ES: 


nes, 
b's xposition w wag intensely and the dis disp lay included 

ne! ipment found 


togthe at people are interested in the’ Marine, was prov 

by. the ater a t the Expdsi which bec tii 

f the ov ancl, suctess ot the sition can 


en, the. N tional "Marine has’ certainly 
arousing interest’ the’ citizen's of this country “in” work 


needs of the American Merchant Marine, and —_ credit is due to the 
League for the success of the celebration. 
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OBITUARY os ob show 
flow) _ EDMUND. MULLS... bre ined 
Babeock & | Wileox ‘Company 
of one of! its oldest and most faithful’ employees ‘in the death 
of Mr. Edriund’ Mills on: January: He ‘had under- 
gone.an‘operation about a week before»his:death which it was 
hoped give: relief, but the case ‘was! dne'of 'seridbus“com- 
plications from: the:start,:without:muth 
Millsowasbornin ‘Jersey 15; 
1864; so: that he was almost fifty-six »years-of age: Nearly 
twenty-five years’ of his life had: been im the :service’ of 
The Babcock & ‘Wilcox Company!' to 
He received his education in the’ public schools of Jersey 
City; and having 'great’ natural: mechanical ‘aptitude; after leav- 
ingschool served an apprenticeship.as'a machinist'and worked 
forya'short 'time:at that trade: » Later on’ he was in business ‘for 
himself» for ‘nearly, ‘four:years,’ ‘He «was: then ‘about’ two 
years | inthe Drafting Depattment ‘of the! Daft! Electric: Com- 
pany, about alyear of the time asschief: draftsman: °F'rom 
1891 to 1895 he was with thé Colwell Iron Works, which later 
became the! Wheeler ‘Condenser and: Engineering! Company: |! 
In /1895 | Mr. Mills: entered ithe ‘Marine Department: of The 
Babcock :& Wilcox: Company! draftsthan and ‘was for'a 
timie! the ‘bly! orie:!> He hadithe! privilege: of: close association 
with Hoxie in ithe development of the Babcock '& ‘Wilcox 


Marine! Boiler:as it now exists-by: working out the detail draw- 


ings-to embody: Mr. Hoxie’s When  the!-work ‘of ‘the | 
Marine Department grew enough :to need anvenlarged drafting 
department ihe was made Chief: Draftsman ‘of thé:Marine De- 
partment; ia position -which: he filled: most efficiently and where 
his splendid-mechanical judgment! had: an excellent field) 
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In 1909 he was transferred to the Marine Department in 
the general office as an engineer and correspondent, and here 
the last eleven years of his life were spent in most efficient and 
loyal work for the Company’s interests. 

He not only had fine mechanical judgment, but he had 
equipped himself thoroughly as an engineer dealing with com- 
bustion and the generatidt of! stédth,'so that he was well 
equipped-for the,work which devolved upon him, He ‘was 
conscientious and careful in the highest degree so that it, was 
always safe to feel:that when:he had coinpleted: the work on 
any problem it;.was- well done, ..His intimate service: during 
almost the entire: life: of the Marine Department ‘had given 
him a familiarity with all the marine, work-done by the Com- 
pany which those coming )later:on .can:mever: hope: to equal. 
His smemory. was remarkablei and until the enormous.-output 
during the World War it. was safe'to say that) he knew: the 
number of every marine job.and:a good! deal/of. 
during the life of the. vessel,’ np eit 4/4 

-, Besides his life: work as an.engineer:Mr; Mills: had 
for his leisure hours, business :in |which ‘same 
painstaking’ attention ‘to detaili gave him ‘rather unusual. dis- 
tinction. His chief avocation was the study, of polar: explora- 
tion, particularly in the: Arctic.;;;He had been collecting: books 


- on this subject for years and itis ‘believed that/his collection is 


probably the, finest and most complete of any private individual. 
He enjoyed the acquaintance ofthe late Admiral Melville; and 
on one occasion showed the Admiral the catalogue'of his Arctic 
library. After looking» it over the Admiral told him that in- 
cluded.in it were a number of books of which he had heard but 
which he’had néver seen himself; “We uriderstand that’ it had 
been his intention to present’ this-collection to one of the geo- 


"graphic societies: or) to’ some: public’ all proba- 


bility ‘family will carry out this intentions 

also interested astronomy: and 
had: built: a small observatory’ iat his home! where | with'a'tele+ 
scope of moderate aperture!he carried on‘ searches’ for double 
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stars and other astronomical pursuits in which an amateur 
with a small equipment can be of service. 

Mr. Mills was a fine specimen of a Christian cian of 
the highest type and was a ‘faithful friend and an agreeable 
companion to all his associates:--He had been an officer and 


active worker for many. years in one of the leading churches - 


of Jersey, City and always stood. for what. was, finest and best 
in American manhood, , He leayes behind, him, an, enviable 
record as a loyal, efficient worker for: the Company and, as.an 
upright, agreeable man whose. memory, will always. be, cher- 
ished by, those, who. were close, to him,as, one of the agreeable 
features of their lives... sin 

He leaves a, widow, and son to, whom the sympathies of, all 
his many. friends go.out very.sincerely, 

_ Mr. Mills joined the American Society of. Naval Engineers 
as an Associate, Member in, 1902, and continued a mem- 
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BOOK Notice 


and Oscar FY Size, 12 inches. “Cloth 
bound, ’ gold stamped.” Company, 141 
Broadway, New York City. “Price, $25.00. 

A’ completé Marine Direttory and Catalog’ in ‘all 
branches of ‘the American’ Marine business. Contains com- 
plete directory of all companies manufacturing’ products for 
shipyards and ships; classified by products. Contairis ‘com- 
plete directory of all shipbuilding ‘companies and ‘steamship 
companies, with personnel. Contains principal port facilities 
of the’ United States, ‘such as’ bunkering}’ watering, towing, 
lightering, wrecking, etc. Radio’ Compass'Service. 

Accurately compiled. Data by direct questionnaire to com- 
panies. Port data from Chambers of Commerce. 

Price of Catalog includes monthly service to keep same up 
to date. 
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ASSOCIATION NOTES. 


_ The following members and associates have joined the So- 
_ ciety since the publication of the last JouRNAL : 


MEMBERS. 


Bruner, R. W., Lieutenant, U. S, N. 
- Munson, R. M., Lieutenant (CC), U.S. N. 
Rowe, Gordon, Lieutenant, U. S. N. 


ASSOCIATES, 


Day, Percy C., 2424 Cedar Street, Milwaukee, Wis. 

Gregor, Henrik; Hooven, Owen, Rentschler Co., Hamilton, 
Ohio. 

Ryan, Alexander, 109 Douglas Street, San Francisco, Calif. 

Thau, W. E., 567 East End Avenue, Pittsburgh, Pa. 

Voorheigs, J. T., 263 South Tenth Street, Philadelphia, Pa. 

Wilkins, W. N., 165 Eleventh Street, Hoboken, N. J. 

Worden, E. P., Submarine Boat Corp., P. O. Box 456, 
Newark, N. J. 


ie the books’ of the Society 
of Naval Engineers, for the year 1919, and finds that the 
statement published in the February issue of the JouRNAL is 
correct. 
S. C. Hooper, Comdr., U. S. N. 
K. Wuirtinc, Comdr., U. S. N. 
(*) 
Please do not forget to advise the Fascias ac alec 
promptly whenever you change your address. 


W. M. VU. 
Praill, S. C. G., absent from city at time of con 
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